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Hewlett-Packard: 
A Leader in Components 


A Brief Sketch 
Headquartered 
in San Jose, 
California the Hewlett-Packard 
Components Group is a leading 
supplier of components for the 
wireless and fiber-optic commu- 
nications, computer equipment, 
industrial 
and automotive 
markets. Included in the Com- 
ponents Group's extensive line 
of more than 9,000 components 
are RF and microwave semicon- 
ductors, fiber-optic transmitters 
and receivers, LEDs, motion 
control devices, optocouplers, 
solid-state relays, bar-code 
scanners, and millimeter-wave 
subassemblies. 


Founded more than thirty years 
----- 
ago, the Components Group has 
evolved into a global manufac- 
turer of microwave, RF, high- 
speed digital and electro-optical 
semiconductors, components 
and integrated 
subsystems. 
Today the group has 7,600 em- 
ployees and projected revenues 
for 1993 of $650 million. 


The Components Group markets 
products through a sales force of 
300 technically-educated 
sales 
professionals located in 20 
countries. An additional 30 
distributors 
sell products 
worldwide. 


The Components Group main- 
tains five marketing centers 
worldwide in San Jose, 
Califomia; Boeblingen, 
Germany; Tokyo, Japan; 
Frimley, U.K; and Singapore. 
Each is fully staffed with 
product application and support 
engineers and each is responsi- 
ble for regional decision 
making. In 1991 the Compo- 
nents Group opened a Design 
Center in Tokyo, specifically 
chartered to develop products 
for the Japanese 
market. 


Local decision-making is 
central of HP's transnational 
business strategy which 
focuses on customer satisfac- 
tion. In addition to providing 
the right product with superior 
quality and reliability, the 
Components Group strives to 
ensure worldwide product 
availability, accurate on-time 
delivery and up-to-date techni- 
cal information for its 
customers. 


Quality and Reliability 
Quality and reliability are very 
important concepts to Hewlett- 
Packard in maintaining 
the 
commitment to product 
performance. 


At Hewlett-Packard, 
quality is 
integral to product development, 
manufacturing, 
and final 
introduction. 
"Parts per million" 
(PPM), as a measure of quality, 
is used in HP's definition of 
product assurance. And HP's 
commitment to quality means 
that there is a continuous 
process of improvement and 
tightening of quality standards. 
Manufacturing 
quality circles 
and quality testing programs are 
important ingredients 
in HP 
products. 


Reliability testing is also 
required for the introduction 
of 
new HP components. Lifespan 
calculations in "mean-time- 
between-failure" 
(MTBF) terms 
are published and available as 
reliability data sheets. HP's 
stringent reliability testing 
assures long component lifetimes 
and consistent product 
performance. 
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About This Catalog 


To help you choose and design 
with Hewlett-Packard 
optoelec- 
tronic components, this catalog 
includes detailed specifications 
for HP component products. The 
catalog is divided into nine 
sections: 


1. Motion Sensing and Encoder 
Products 
2. LED Light Bars and Bar 
Graph Arrays 
3. LED Lamps 
4. LED Displays 
5. Fiber Optics 
6. Optocouplers 
7. Bar Code Components 
8. Applications 
9. Appendix 


How to Find the Right 
Information 
• The table of Contents (p. iii) 
helps you to locate the 
product sections as well as 
the selection guides for each 
of the product sections. 


• The Alphanumeric 
Index 
(p. iv) lists every component 
represented 
in this catalog. 


• Selection guides at the 
beginning of each of the 
seven product sections, 
contain basic product 
specifications which allows 
you to quickly select 
products most suitable for 
your application. 


Following the product sections 
is a complete listing of applica- 
tion bulletins and notes which 
are frequently useful as design 
aids. The final section is an 
appendix containing HP sales, 
service, and authorized 
distributor locations. 


How to Order 
To order any component in this 
catalog or additional applications 
information, call the HP office 
nearest you and ask for a 
Components representative. 
A 
complete listing of the U.S. sales 
offices is on page 9-10; offices 
located outside of the U.S. are 
listed on page 9-11. 


A worldwide listing of HP 
authorized distributors 
is on 
page 9-3. These distributors 
can 
offer off-the-shelf delivery for 
most HP components. 
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Alphanumeric 
Index 
. 
iv 


Motion Sensing and Control Products 
1-1 
Selection Guide 
1-4 


Light Bars and Bar Graph Arrays 
2-1 
Selection Guide 
2-3 


Solid State Lamps 
3-1 
Selection Guide 
3-3 
Hermetic Lamps 
3-190 
Selection Guide 
3-192 


Solid State Displays 
4-1 
Selection Guide 
4-4 
Hermetic Displays 
4-208 
Selection Guide 
4-211 


Fiber Optics 
5-1 
Selection Guide 
5-4 


Optocouplers 
6-1 
Selection Guide 
6-6 
Hermetic Optocouplers 
6-293 
Screening Programs 
6-295 
Selection Guide 
6-302 


Bar Code Components 
7-1 
Selection Guide 
7-3 


Applications 
8-1 


Appendix 
9-1 
How to Order 
9-2 
Authorized Distributor & Representative List 
9-3 
U.S. Sales & Service 
9-10 
International Sales & Service 
9-11 
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Alphanumeric 
Index 


CNW135 
6-133 
CNW136 
6-133 
CNW138 
6-161 
CNW139 
6-161 
CNW4502 
6-133 


CNW4503 
6-133 
CNW4562 
6-186 
HBCR-1610 
7-49 
HBCR·1611 
7-49 
HBCR-1612 
7-49 


HBCR-2210 
7-60 
HBCR-2211 
7-60 
HBCS-II00 
7-29 
HBCS-6100 
7-16 
HBCS-6300 
7-16 


HBCS-6500 
7-16 
HBCS-7000 
7-23 
HBCS-7050 
7-23 
HBCS-7100 
7-23 
HBCS-7150 
7-23 


HBCS-AOOO 
7-16 
HBCS-AI00 
7-16 
HBCS-A200 
7-16 
HBCS-A300 
7-16 
HBCS-A400 
7-16 


HBCS-A500 
7-16 
HBKW-I0I0 
7-8 
HBKW-I015 
7-8 
HBKW-I020 
7-8 
HBKW-I025 
7-8 


Bold = New Product 


Note: 
Standard 
Options Available (see page xix). 


HBKW-1210 
7-8 


HBKW-1215 
7-8 


HBKW-1220 
7-8 


HBKW-1225 
7-8 


HBKW-1410 
7-8 


HBKW -1415 
7-8 


HBKW-1420 
7-8 


HBKW-1425 
7-8 


HBSW-8000 
7-12 


HBSW-8100 
7-12 


HBSW-8200 
7-12 


HBSW-8300 
7-12 


HBSW-8400 
7-12 


HBSW-8500 
7-12 


HCMS-2000 
4-178 


HCMS-2001 
4-178 


HCMS-2002 
4-178 


HCMS-2003 
4-178 


HCMS-2004 
4-178 


HCMS-20 10 
4-261 


HCMS-2010 TXV 
.4-261 


HCMS-2010 TXVB 
.4-261 


HCMS-20 11 
4-261 


HCMS-2011 TXV 
4-261 
HCMS-2011 TXVB 
4-261 


HCMS-20 12 
4-261 


HCMS-2012 
TXV 
4-261 


HCMS-2012 TXVB 
.4-261 


HCMS-20 13 
4-261 


HCMS-2013 TXV 
4-261 


HCMS-2013 
TXVB 
4-261 
HCMS-2300 
4-178 
HCMS-230 1 
4-178 
HCMS-2302 
4-178 
HCMS-2303 
4-178 


HCMS-2304 
4-178 
HCMS-2310 
4-261 
HCMS-2310 
TXV 
4-261 
HCMS-2310 
TXVB 
4-261 
HCMS-2311 
4-261 


HCMS-2311 
TXV 
4-261 
HCMS-2311 
TXVB 
4-261 
HCMS-2312 
4-261 
HCMS-2312 
TXV 
4-261 
HCMS-2312 
TXVB 
4-261 


HCMS-2313 
4-261 
HCMS-2313 
TXV 
4-261 
HCMS-2313 
TXVB 
4-261 
HCMS-2314 
4-261 
HCMS-2314 
TXV 
4-261 


HCMS-2314 
TXVB 
4-261 
HCMS-2351 
4-261 
HCMS-2351 
TXV 
.4-261 
HCMS-2351 
TXVB 
4-261 
HCMS-2352 
4-261 


HCMS-2352 
TXV 
4-261 
HCMS-2352 
TXVB 
4-261 
HCMS-2353 
4-261 
HCMS-2353 
TXV 
4-261 
HCMS-2353 
TXVB 
.4-261 


HCMS-2354 
4-261 
HCMS-23M 
TXV 
4-261 
HCMS-23M 
TXVB 
4-261 
HCMS-2700 
4-97 
HCMS-2701 
4-97 


HCMS-2702 
4-97 
HCMS-2703 
4-97 
HCMS-2704 
4-97 
HCMS-2710 
4-97 
HCMS-2711 
4-97 


HCMS-2712 
4-97 
HCMS-2713 
4-97 
HCMS-2714 
4-97 
HCMS-2720 
4-97 
HCMS-2721 
4-97 


Bold = New Product 


Note: 
Standard 
Options Available 
(see page xix). 


HCMS-2722 
4-97 


HCMS-2723 
4-97 


HCMS-2724 
4-97 


HCMS-2901 
4-107 


HCMS-2902 
4-107 


HCMS-2903 
4-107 


HCMS-2904 
4-107 


HCMS-2905 
4-107 


HCMS-2911 
4-107 


HCMS-2912 
4-107 


HCMS-2913 
4-107 
HCMS-2914 
4-107 


HCMS-2915 
4-107 
HCMS-2921 
4-107 


HCMS-2922 
4-107 


HCMS-2923 
4-107 


HCMS-2924 
4-107 
HCMS-2925 
4-107 
HCMS-2961 
4-107 


HCMS·2962 
4-107 


HCMS·2963 
4-107 


HCMS·2964 
4-107 
HCMS-2965 
4-107 


HCMS-2971 
4-107 


HCMS-2972 
4-107 


HCMS-2973 
4-107 


HCMS-2974 
4-107 


HCMS-2975 
4-107 


HCPL-0201 
6-36 
HCPL-0211 
6-36 


HCPL-0452 
6-126 
HCPL-0453 
6-126 
HCPL-0500 
6-126 


HCPL-0501 
6-126 
HCPL-0600 
6-104 


HCPL-0601 
6-104 


HCPL-0611 
6-104 


HCPL-0700 
6-155 
HCPL-0701 
6-155 
HCPL-1930 
6-360 


HCPL-1931 
6-360 
HCPL-2200 
6-20 
HCPL-2201 
6-25 


HCPL-2202 
6-25 
HCPL-2211 
6-25 


HCPL-2212 
6-25 
HCPL-2219 
6-20 
HCPL-2231 
6-31 
HCPL-2232 
6-31 
HCPL-23oo 
6-42 


HCPL-24oo 
6-49 
HCPL-2411 
6-49 
HCPL-2430 
6-59 
HCPL-2502 
6-113 
HCPL-2530 
6-120 


HCPL-2531 
6-120 
HCPL-260 1 
6-66 
HCPL-2602 
6-86 
HCPL-2611 
6-66 
HCPL-2612 
6-86 


HCPL-2630 
6-96 
HCPL-2631 
6-96 
HCPL-2730 
6-145 
HCPL-2731 
6-145 
HCPL-3000 
6-237 


HCPL-3100 
6-245 
HCPL-3101 
6-245 
HCPL-37oo 
6-195 
HCPL-3760 
6-195 
HCPL-41oo 
6-205 


HCPL-42oo 
6-213 
HCPL-4502 
6-113 
HCPL-4503 
6-113 
HCPL-4504 
6-11 
HCPL-4534 
6-120 


HCPL-4562 
6-180 
HCPL-4661 
6-96 
HCPL-52oo 
6-313 
HCPL-520 1 
6-313 
HCPL-5230 
6-313 


HCPL-5231 
6-313 
HCPL-5400 
6-328 
HCPL-540 1 
6-328 
HCPL-5430 
6-328 
HCPL-5431 
6-328 


HCPL-55oo 
6-405 
HCPL-5501 
6-405 
HCPL-5530 
6-405 
HCPL-5531 
6-405 
HCPL-56oo 
6-351 


Bold = New Product 


Note: 
Standard 
Options 
Available 
(see page xix). 


HCPL-5601 
6-351 


HCPL-5630 
6-351 


HCPL-5631 
6-351 


HCPL-57oo 
6-377 


HCPL-570 1 
6-377 


HCPL-5730 
6-377 


HCPL-5731 
6-377 


HCPL-5760 
6-388 


HCPL-5761 
6-388 


HCPL-6230 
6-313 


HCPL-6231 
6-313 


HCPL-6430 
6-328 


HCPL-6431 
6-328 


HCPL-6530 
6-405 


HCPL-6531 
6-405 


HCPL-6630 
6-351 


HCPL-6631 
6-351 


HCPL-6730 
6-377 


HCPL-6731 
6-377 


HCPL-7100 
6-168 


HCPL-7101 
6-168 


HCPL-7601 
6-75 


HCPL-7611 
6-75 


HCPL-7800 
6-221 


HCPL-7800A 
6-221 


HCPL-7800B 
6-221 


HCTL-11oo 
1-104 


HCTL-20oo 
1-86 


HCTL-2016 
1-86 


HCTL-2020 
1-86 


HCTL-2016 
PLC 
1-102 


HCTL-2020 
PLC 
1-102 


HDLA-2416 
4-123 


HDLG-2416 
4-123 


HDLO-2416 
4-123 


HDLR-2416 
4-123 


IIDLS-2416 
4-123 


IIDLU-2416 
4-123 


HDL Y-2416 
4-123 


HDMP-10oo 
5-151 


HDMP-1ooK 
5-180 


HDMP-2003 
5-181 


HDMP-2004 
5-181 


HDMP-2006 
5-192 


HDMP-250 1 
5-200 


HDSP -0760 
4-202 
HDSP-0761 
4-202 
HDSP-0762 
4-202 
HDSP-0763 
4-202 
HDSP-0770 
4-202 


HDSP-0771 
4-202 
HDSP -0772 
4-202 
HDSP -0773 
4-202 
HDSP-0781 
4-281 
HDSP-0781 
TXV 
4-281 


HDSP-0781 
TXVB 
4-281 


HDSP -0782 
4-281 
HDSP-0782 
TXV 
4-281 


HDSP-0782 
TXVB 
4-281 


HDSP-0783 
4-281 


HDSP-0783 
TXV 
4-281 
HDSP-0783 
TXVB 
4-281 


HDSP-0784 
4-281 
HDSP-0784 
TXV 
4-281 
HDSP-0784 
TXVB 
4-281 


HDSP-0791 
4-281 


HDSP-0791 
TXV 
4-281 
HDSP-0791 
TXVB 
4-281 
HDSP-0792 
4-281 
HDSP-0792 
TXV 
4-281 


HDSP-0792 
TXVB 
.4-281 
HDSP-0793 
4-281 
HDSP-0793 
TXV 
4-281 
HDSP-0793 
TXVB 
4-281 
HDSP-0794 
4-281 


HDSP-0794 
TXV 
4-281 


HDSP-0794 
TXVB 
4-281 


HDSP-0860 
4-202 
HDSP-0861 
4-202 


HDSP -0862 
4-202 


HDSP -0863 
4-202 
HDSP-0881 
4-281 


HDSP-0881 
TXV 
4-281 


HDSP-0881 
TXVB 
4-281 


HDSP -0882 
4-281 


HDSP-0882 
TXV 
4-281 


HDSP-0882 
TXVB 
.4-281 


HDSP-0883 
4-281 


HDSP-0883 
TXV 
4-281 


HDSP-0883 
TXVB 
.4-281 


Bold = New Product 


Note: 
Standard 
Options Available 
(see page xix). 


HDSP-0884 
4-281 


HDSP-0884 
TXV 
4-281 


HDSP-0884 
TXVB 
4-281 
HDSP-0960 
4-202 
HDSP-0961 
, 
4-202 


HDSP-0962 
4-202 
HDSP-0963 
4-202 
HDSP-0981 
4-281 


HDSP-0981 
TXV 
4-281 
HDSP-0981 
TXVB 
4-281 


HDSP-0982 
4-281 
HDSP-0982 
TXV 
4-281 
HDSP-0982 
TXVB 
4-281 
HDSP -0983 
4-281 
HDSP-0983 
TXV 
4-281 


HDSP-0983 
TXVB 
4-281 
HDSP-0984 
4-281 
HDSP-0984 
TXV 
4-281 
HDSP-0984 
TXVB 
4-281 
HDSP-20 10 
4-213 


HDSP-20 10 TXV 
4-213 
HDSP-2010 
TXVB 
4-213 
HDSP-2107 
4-135 


HDSP-2110 
4-135 
HDSP-2111 
4-135 


HDSP-2112 
4-135 
HDSP-2113 
4-135 


HDSP -2121 
, 
4-135 
HDSP-2122 
4-135 
HDSP-2123 
4-135 


HDSP-2131 
4-232 


HDSP-2131 
TXV 
4-232 
HDSP-2131 
TXVB 
4-232 


HDSP-2132 
4-232 
HDSP-2132 
TXV 
4-232 


HDSP-2132 
TXVB 
4-232 


HDSP-2133 
4-232 


HDSP-2133 
TXV 
4-232 
HDSP-2133 
TXVB 
4-232 
HDSP -2179 
4-232 


HDSP-2179 
TXV 
.4-232 
HDSP-2179 
TXVB 
.4-232 
HDSP-2310 
4-213 
HDSP-2310 
TXV 
4-213 
HDSP-2310 
TXVB 
4-213 


HDSP-2311 
4-213 
HDSP -2311 TXV 
4-213 
HDSP-2311 
TXVB 
4-213 
HDSP-2312 
4-213 
HDSP-2312 
TXV 
4-213 


HDSP-2312 
TXVB 
4-213 
HDSP-2313 
4-213 
HDSP-2313 
TXV 
4-213 
HDSP-2313 
TXVB 
4-213 
HDSP-2351 
4-212 


HDSP-2351 
TXV 
4-212 
HDSP-2351 
TXVB 
.4-212 
HDSP-2352 
4-212 
HDSP-2352 
TXV 
4-212 
HDSP-2352 
TXVB 
.4-212 


HDSP-2353 
4-212 
HDSP-2353 
TXV 
4-212 
HDSP-2353 
TXVB 
4-212 
HDSP-2450 
4-213 
HDSP-2450 
TXV 
4-213 


HDSP-2450 
TXVB 
4-213 
HDSP-2451 
4-213 
HDSP-2451 
TXV 
4-213 
HDSP-2451 
TXVB 
.4-213 
HDSP-2452 
4-213 


HDSP-2452 
TXV 
4-213 
HDSP-2452 
TXVB 
4-213 
HDSP -2453 
4-213 
HDSP-2453 
TXV 
4-213 
HDSP-2453 
TXVB 
.4-213 


HDSP-2490 
4-16 
HDSP-2491 
4-16 
HDSP-2492 
4-16 
HDSP-2493 
4-16 
HDSP-2500 
4-135 


HDSP-2501 
4-135 
HDSp·2502 
4-135 
HDSP-2503 
4-135 
HDSP-2530 
4-151 
HDSP-2531 
4-151 


HDSP-2532 
4-151 
HDSP-2533 
4-151 
HDSP-2534 
4-151 
HDSP-3350 
4-30 
HDSP-3351 
4-30 


Bold = New Product 


Note: 
Standard 
Options Available (see page xix). 


HDSP-3353 
4-30 


HDSP-3356 
4-30 


HDSP-3400 
4-89 


HDSP-340 1 
4-89 


HDSP-3403 
4-89 


HDSP-3405 
4-89 


HDSP-3406 
4-89 


HDSP-3530 
4-13 


HDSP -3531 
4-13 


HDSP -3533 
4-13 


HDSP-3536 
4-13 


HDSP-3600 
4-61 


HDSP -3601 
4-61 


HDSP-3603 
4-61 


HDSP-3606 
4-61 


HDSP-3730 
4-13 


HDSP-3731 
4-13 


HDSP-3733 
4-13 


HDSP-3736 
4-13 


HDSP-3900 
4-89 


HDSP-390 1 
4-89 


HDSP-3903 
4-89 


HDSP -3905 
4-89 


HDSP-3906 
4-89 


HDSP-4030 
4-13 


HDSP-4031 
4-13 


HDSP-4033 
4-13 


HDSP-4036 
4-13 


HDSP-4130 
4-13 


HDSP-4131 
4-13 


HDSP -4133 
4-13 


HDSP-4136 
4-13 


HDSP-4200 
4-89 


HDSP-420 1 
4-89 


HDSP-4203 
4-89 


HDSP-4205 
4-89 


HDSP-4206 
4-89 


HDSP-440 1 
4-186 


HDSP -4403 
4-186 


HDSP-450 1 
4-186 


HDSP-4503 
4-186 


HDSP-4600 
4-61 


HDSP-460 1 
4-61 


HDSP-4603 
4-61 


HDSP-4606 
4-61 


HDSP-4 70 1 
4-186 
HDSP-4703 
4-186 
HDSP-4820 
2-23 
HDSP-4830 
2-23 
HDSP-4832 
2-23 


HDSP-4836 
2-23 
HDSP-4840 
2-23 
HDSP-4850 
2-23 
HDSP-510 1 
4-186 
HDSP-5103 
4-186 


HDSP-530 1 
4-80 
HDSP-5303 
4-80 
HDSP-5307 
4-80 
HDSP-5308 
4-80 
HDSP-5321 
4-80 


HDSP-5323 
4-80 
HDSP-540 1 
4-186 
HDSP -5403 
4-186 
HDSP-550 1 
4-80 
HDSP-5503 
4-80 


HDSP-5507 
4-80 
HDSP-5508 
4-80 
HDSP-5521 
4-80 
HDSP-5523 
4-80 
HDSP-5531 
4-13 


HDSP-5533 
4-13 
HDSP-5537 
4-13 
HDSP-5538 
4-13 
HDSP-5551 
4-30 
HDSP-5553 
4-30 


HDSP -5557 
4-30 
HDSP-5558 
4-30 
HDSP-560 1 
4-80 
HDSP-5603 
4-80 
HDSP-5607 
4-80 


HDSP-5608 
4-80 
HDSP -5621 
4-80 
HDSP-5623 
4-80 
HDSP-570 1 
4-80 
HDSP-5703 
4-80 


HDSP-5707 
4-80 
HDSP-5708 
4-80 
HDSP-5721 
4-80 
HDSP -5723 
4-80 
HDSP-5731 
4-13 
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Standard 
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(see page xix). 


HDSP -5733 
4-13 
HDSP -5737 
4-13 
HDSP-5738 
4-13 
HDSP -6300 
4-16 
HDSP-6504 
4-16 


HDSP-6508 
4-16 
HDSP-6621 
4-16 
HDSP-6624 
4-16 
IIDSP-6650 
4-217 
IIDSP-6650 
TXV 
4-217 


IIDSP-6650 
TXVB 
.4-217 
IIDSP-6651 
4-217 
IIDSP-6651 
TXV 
4-217 
IIDSP-6651 
TXVB 
4-217 
IIDSp-6652 
4-217 


IIDSP-6652 
TXV 
4-217 
IIDSP-6652 
TXVB 
.4-217 
IIDSP-6653 
4-217 
IIDSP-6653 
TXV 
4-217 
IIDSP-6653 
TXVB 
.4-217 


HDSP-730 1 
4-53 
HDSP· 7302 
4-53 
HDSP-7303 
4-53 
HDSP-7304 
4-53 
HDSP-7307 
4-53 


HDSP -7308 
4-53 
HDSP-7401 
4-53 
HDSP· 7402 
4-53 
HDSP-7 403 
4-53 
HDSP-7404 
4-53 


HDSP-7407 
4-53 
HDSP-7408 
4-53 
HDSP -7501 
4-53 
HDSP-7502 
4-53 
HDSP· 7503 
4-53 


HDSP-7504 
4-53 
HDSP-7507 
4-53 
HDSP-7508 
4-53 
HDSP-7511 
4-30 
HDSP -7513 
4-30 


HDSP-7517 
4-30 
HDSP-7518 
4-30 
HDSP-780 1 
4-53 
HDSP -7802 
4-53 
HDSP -7803 
4-53 


HDSP-7804 
4-53 
HDSP-7807 
4-53 
HDSP-7808 
4-53 
HDSP-8600 
4-89 
HDSP-860 1 
4-89 


HDSP-8603 
4-89 
HDSP-8605 
4-89 
HDSP-8606 
4-89 
HDSP-8820 
•...................................................... 
2-30 
HDSP-8825 
2-30 


HDSP-8835 
2-30 
HDSP-A011 
4-20 
HDSP·A013 
4-20 
HDSP-A101 
4-30 
HDSP-A103 
4-30 


HDSP-AI07 
4-30 
HDSP-A108 
;..4-30 
HDSP·Alll. 
4-20 
HDSP·Al13 
4-20 
HDSP-A151 
4-53 


HDSP-A153 
4-53 
HDSP-A157 
4-53 
HDSP-A158 
4-53 
HDSP·A211 
4-20 
HDSP·A213 
4-20 


HDSP·A511 
4-20 
HDSP·A513 
4-20 
HDSP -ABOI 
4-30 
HDSP-AB03 
4-30 
HDSP-A807 
4-30 


HDSP-A808 
4-30 
HDSP-A90 1 
4-30 
HDSP-A903 
4-30 
HDSP-A907 
4-30 
HDSP-A908 
4-30 


HDSP- E 100 
4-30 
HDSP-E101 
4-30 
HDSP- E 103 
4-30 
HDSP- E 108 
4-30 
HDSP- E150 
4-61 


HDSP- E 151 
4-61 
HDSP- E153 
4-61 
HDSP-E156 
4-61 
HDSP-F001 
4-70 
HDSP-F003 
4-70 


Bold = New Product 


Note: 
Standard 
Options Available (see page xix). 


HDSP-F007 
4-70 


HDSP- F008 
4-70 


HDSP·FOll 
4-20 


HDSP·F013 
4-20 


HDSP- F101 
4-30 


HDSP- F103 
4-30 


HDSP- F107 
4-30 


HDSP- F108 
4-30 


HDSP·F111 
4-20 


HDSP·Fl13 
4-20 


HDSP- F151 
4-70 


HDSP-F153 
4-70 


HDSP- F157 
4-70 


HDSP- F158 
4-70 


HDSP·F161 
4-20 


HDSP·Fl63 
4-20 


HDSP- F201 
4-70 


HDSP-F203 
4-70 


HDSP- F207 
4-70 


HDSP-F208 
4-70 


HDSP·F211 
4-20 


HDSP·F213 
4-20 


HDSP-F301 
4-70 


HDSP-F303 
4-70 


HDSP -F307 
4-70 


HDSP-F308 
4-70 


HDSP-F401 
4-70 


HDSP-F403 
4-70 


HDSP-F407 
4-70 


HDSP-F408 
4-70 


HDSP-F501 
4-70 


HDSP-F503 
4-70 


HDSP-F507 
4-70 


HDSP-F508 
4-70 


HDSP·F511 
4-20 


HDSp·F513 
4-20 


HDSP-G001 
4-70 


HDSP-G003 
4-70 


HDSP·GOll 
4-20 


HDSP·G013 
4-20 


HDSP-G 101 
4-30 


HDSP-G 103 
4-30 


HDSP·Glll 
4-20 


HDSP·Gl13 
4-20 


HDSP-G 151 
4-70 


HDSP-G 153 
4-70 
HDSP-G181 
4-20 
HDSP-Gl83 
4-20 
HDSP-G20 1 
4-70 
HDSP-G203 
4-70 


HDSP-G211 
4-20 
HDSP-G213 
4-20 
HDSP-G301 
4-70 
HDSP-G303 
4-70 
HDSP-G40 1 
4-70 


HDSP-G403 
4-70 
HDSP·G511 
4-20 
HDSP·G513 
4-20 
HDSP·HOll 
4-20 
HDSP-H013 
4-20 


HDSP -H101 
4-30 
HDSP -H103 
4-30 
HDSP-H 107 
4-30 
HDSP-H108 
4-30 
HDSP-Hlll 
4-20 


HDSP-Hl13 
4-20 
HDSP-H151 
4-80 
HDSP-H153 
4-80 
HDSP-H157 
4-80 
HDSP- H 158 
4-80 


HDSP·H181 
4-20 
HDSP·Hl83 
4-20 
HDSP·H211 
4-20 
HDSP·H213 
4-20 
HDSP·H511 
4-20 


HDSP·H513 
4-20 
HDSP·KOll 
4-20 
HDSP·K013 
4-20 
HDSP·Klll 
4-20 
HDSP-Kl13 
4-20 


HDSP-K121 
4-30, 80 
HDSP-K123 
4-30, 80 
HDSP·K211 
4-20 
HDSP·K213 
4-20 
HDSP·K511 
4-20 


HDSP·K513 
4-20 
HDSP -K70 1 
4-30 
HDSP-K703 
4-30 
HDSP-LI01 
4-186 
HDSP-Ll03 
4-186 


Bold = New Product 
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HDSP-L201 
4-186 
HDSP-M10 1 
4-186 
HDSP-M103 
4-186 
HDSP-N100 
4-30 
HDSP -N10 1 
4-30 


HDSP-N103 
4-30 
HDSP-N105 
4-30 
HDSP -N106 
4-30 
HDSP -N150 
4-89 
HDSP-N151 
4-89 


HDSP-N153 
4-89 
HDSP-N155 
4-89 
HDSP-N156 
4-89 
HDSP·UOOI 
4-45 
HDSP-UOO3 
4-45 


HDSP·UOll 
4-45 
HDSP·U013 
,.4-45 
HDSP·UI0l 
4-45 
HDSP·UI03 
4-45 
HDSP·Ulll 
4-45 


HDSP·Ul13 
4-45 
HDSP·U201 
4-45 
HDSP-U203 
4-45 
HDSP·U211 
4-45 
HDSp·U213 
4-45 


HDSP-U301 
4-45 
HDSP·U303 
4-45 
HDSP·U311 
4-45 
HDSP·U313 
4-45 
HDSp·U401 
4-45 


HDSP·U403 
4-45 
HDSP-U411 
4-45 
HDSP·U413 
4-45 
HDSP·U501 
4-45 
HDSP·U503 
4-45 


HDSP-U511 
4-45 
HDSP·U513 
4-45 
IlEDG-5120 
1-51 
IlEDG-8120 
1-51 
HEDL-5500 
1-73 


HEDL-5505 
1-73 
HEDL-5540 
1-73 
HEDL-5545 
1-73 
HEDL-5600 
1-73 
HEDL-5605 
1-73 


HEDL-5640 
1-73 
HEDL-5645 
1-73 
BEDL-9000 
1-73 
BEDL-9040 
1-73 
BEDL-9100 
1-73 


BEDL-9140 
1-73 
HEDL-9200 
., 
1-73 
BEDM·5120 
1-51 
HEDM-5500 
1-61 
BEDM-5505 
1-61 


HEDM-5600 
1-61 
HEDM-5605 
1-61 
HEDM·6120 
1-51 
HEDS-1200 
7-35 
BEDS-1300 
7-35 


HEDS-1500 
7-43 
HEDS-5120 
1-51 
HEDS-5140 
: 
1-51 
HEDS-5500 
1-61 
HEDS-5505 
1-61 


HEDS-5540 
1-61 
HEDS-5545 
1-61 
HEDS-56oo 
1-61 
HEDS-5605 
1-61 
HEDS-5640 
1-61 


HEDS-5645 
1-61 
HEDS-5700 
1-84 
HEDS-5 70 1 
1-84 
HEDS-61oo 
1-51 
HEDS-6140 
1-51 


HEDS-890 1 
1-51 
HEDS-8902 
1-22, 28, 61 
HEDS-8903 
1-32, 61 
HEDS-8905 
1-32 
HEDS-8906 
, 
1-32 


HEDS-8910 
1-61 
HEDS-8932 
1-51 
HEDS-9000 
1-22 
BEDS-9000 
ERS 
1-13 
HEDS-9040 
1-32 


HEDS-91oo 
1-22 
HEDS-9140 
1-32 
HEDS-92oo 
1-28 
HEDS-97oo 
1-41 
HEDS-970 1 
1-41 
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HEDS-9720 
1-41 


HEDS-9721 
1-41 


HEMT -1001 
3-21 


HEMT -3301 
3-21 


HEMT -6000 
3-21 


HFBR-0300 
5-59 


HFBR-04oo 
5-12 


HFBR-0410 
5-12 


HFBR-0414 
5-12 


HFBR-05oo 
5-82 


HFBR-050 1 
5-98 


HFBR-0600 
5-142 


HFBR-1312T 
5-59 


HFBR-1402 
5-23 


HFBR-1404 
5-23 


HFBR-1412 
5-23 


HFBR-1412T 
5-42 


HFBR-1414 
5-23 


HFBR-1414T 
5-42 


HFBR-1432 
5-23 


HFBR-1434 
5-23 


HFBR-1442 
5-23 


HFBR-l442T 
5-42 


HFBR-1444 
5-23 


HFBR-1444T 
5-42 


HFBR-1452 
5-23 


HFBR-1454 
5-23 


HFBR-1462 
5-23 


HFBR-1462T 
5-42 


HFBR-1464 
5-23 


HFBR-1464T 
5-42 


HFBR-1502 
5-82 


HFBR-1510 
5-82 


HFBR-1512 
5-82 


HFBR-1521 
5-98 


HFBR-1522 
5-98 


HFBR-1523 
5-98 


HFBR-1524 
5-98 


HFBR-1526 
5-98 


HFBR-1531 
5-98 


HFBR-1532 
5-98 


HFBR-1533 
5-98 


HFBR-1534 
5-98 


HFBR-1536 
5-98 


HFBR·1602 
5-142 


HFBR-l604 
5-142 
HFBR-2316T 
5-59 
HFBR-2402 
5-28 
HFBR-2402C 
5-40 
HFBR-2404 
5-31 


HFBR-2404C 
5-40 
HFBR-2406 
5-35 
HFBR-2406C 
5-40 
HFBR-2412 
5-28 
HFBR-2412T 
5-42 


HFBR-2414 
5-31 
HFBR-2414T 
5-42 
HFBR-2416 
5-35 


HFBR-2416T 
5-42 
HFBR-2432 
5-28 


HFBR-2432C 
5-40 


HFBR-2434 
5-31 


HFBR-2434C 
5-40 
HFBR-2436 
5-35 
HFBR-2436C 
5-40 


HFBR-2442 
5-28 
HFBR-2442T 
5-42 
HFBR-2444 
5-31 
HFBR-2444T 
5-42 
HFBR-2446 
5-35 


HFBR-2446T 
5-42 
HFBR-2452 
5-28 
HFBR-2452C 
5-40 
HFBR-2454 
5-31 
HFBR-2454C 
5-40 


HFBR-2456 
5-35 
HFBR-2456C 
5-40 


HFBR-2462 
5-28 
HFBR-2462T 
5-42 
HFBR-2464 
5-31 


HFBR-2464C 
5-40 
HFBR-2466 
5-35 
HFBR-2466T 
5-42 


HFBR-2501 
5-82 
HFBR-2502 
5-82 


HFBR-2503 
5-82 


HFBR-2521 
5-98 
HFBR-2522 
5-98 
HFBR-2523 
5-98 


HFBR-2524 
5-98 
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HFBR-2526 
5-98 


HFBR-2531 
5-98 
HFBR-2532 
5-98 
HFBR-2533 
5-98 
HFBR-2534 
5-98 


HFBR-2536 
5-98 
HFBR-2602 
5-142 


HFBR-450 1 
5-98 
HFBR-4503 
5-98 
HFBR-4505 
5-98 


HFBR-4506 
5-98 


HFBR-4511 
5-98 
HFBR-4513 
5-98 
HFBR-4515 
5-98 
HFBR-4516 
5-98 


HFBR-4525 
5-98 
HFBR-4593 
5-98 


HFBR-4663 
5-44 
HFBR-5101 
5-67 


HFBR-5102 
5-67 


HLCP-A100 
2-8 


HLCP-B100 
2-8 
HLCP-C 100 
2-8 
HLCP-D 100 
2-8 
HLCP- E 100 
2-8 


HLCP- F100 
2-8 
HLCP-G 100 
2-8 
HLCP-H 100 
2-8 
HLCP-J100 
2-23 


HLMA·BLOO 
3-30 


HLMA·CHOO 
3-24 


HLMA-CLOO 
3-24 


IILMA-DGOO 
3-24 


HLMA·DHOO 
3-24 
IILMA·DLOO 
3-24 


IILMA·KHOO 
3-24 


HLMA-KLOO 
3-24 
HLMA·QHOO 
3-24 


HLMA·QLOO 
3-24 


HLMP-O 104 
: 
3-169 


HLMP-0300 
3-133 
HLMP-0301 
3-133 
HLMP-0400 
: 
3-133 
HLMP-0401 
3-133 
HLMP-0503 
3-133 


HLMP-0504 
3-133 
HLMP-0800 
; 
3-155 
HLMP-0930 
3-194 
HLMP-0931 
3-194 
HLMP-1000 
3-129 


HLMP-1002 
3-129 
HLMP-1071 
3-129 
HLMP-1080 
3-129 
HLMP-1100 
3-159 
HLMP-1120 
3-159 


HLMP-1200 
3-129 
HLMP -1201 
3-129 
HLMP-1300 
3-123 
HLMP-1301 
3-123 
HLMP-1302 
3-123 


HLMP-1320 
3-117 
HLMP-1321 
3-117 
HLMP-1340 
3-71 
HLMP-1385 
3-123 
HLMP-1400 
3-123 


HLMP-140 1 
; 
3-123 
HLMP-1402 
3-123 
HLMP-1420 
3-117 
HLMP-1421 
3-117 
HLMP-1440 
3-71 


HLMP-1485 
3-123 


HLMP-1503 
3-123 
HLMP-1520 
3-117 
HLMP-1521 
3-117 
HLMP-1523 
3-123 


HLMP-1540 
3-71 
HLMP-1585 
3-123 
HLMP-1600 
3-159 
HLMP-1601 
3-159 
HLMP-1620 
3-159 


HLMP-1621 
3-159 
HLMP-1640 
3-159 
HLMP-1641 
3-159 
HLMP-1700 
3-76 
HLMP-1719 
3-76 


HLMP-1790 
3-76 
HLMP-2300 
2-8 
HLMP-2350 
2-8 
HLMP-2400 
2-8 
HLMP-2450 
2-8 
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HLMP-2500 
2-8 


HLMP-2550 
2-8 


HLMP-2598 
; 
2-38 


HLMP-2599 
2-38 


HLMP-2600 
2-8 


HLMP-2620 
2-8 


HLMP-2635 
2-8 


HLMP -2655 
2-8 


HLMP-2670 
2-8 


HLMP-2685 
2-8 


HLMP-2700 
2-8 


HLMP-2720 
2-8 


HLMP-2735 
2-8 


HLMP-2755 
2-8 


HLMP-2770 
2-8 


HLMP-2785 
2-8 


HLMP-2800 
2-8 


HLMP-2820 
2-8 


HLMP-2835 
2-8 


HLMP -2855 
2-8 


HLMP -2870 
2-8 


HLMP-2885 
2-8 


HLMP-2898 
2-38 


HLMP-2899 
2-38 


HLMP -2950 
2-8 


HLMP -2965 
2-8 


HLMP-3000 
3-114 


HLMP-3001 
3-114 


HLMP-3002 
3-114 


HLMP-3003 
3-114 


HLMP-3050 
3-114 


HLMP-3105 
3-159 


HLMP-3112 
3-159 


HLMP-3200 
3-106 


HLMP-3201 
3-106 


HLMP-3300 
3-99 


HLMP-3301 
3-99 


HLMP-3315 
3-93 


HLMP-3316 
3-93 


HLMP-3350 
3-106 


HLMP-3351 
3-106 


HLMP-3365 
3-106 


HLMP-3366 
3-106 


HLMP-3390 
3-71 


HLMP-3400 
3-99 


HLMP -3401 
3-99 
HLMP-3415 
3-93 
HLMP-3416 
3-93 
HLMP-3450 
3-106 
HLMP-3451 
3-106 


HLMP-3465 
3-106 
HLMP-3466 
3-106 
HLMP-3490 
3-71 
HLMP-3502 
3-99 
HLMP-3507 
3-99 


HLMP-3517 
3-93 
HLMP-3519 
3-93 
HLMP-3553 
3-106 
HLMP-3554 
3-106 
HLMP-3567 
3-106 


HLMP-3568 
3-106 
HLMP-3590 
3-71 
HLMP-36oo 
3-159 
HLMP-3601 
3-159 
HLMP-3650 
3-159 


HLMP-3651 
3-159 
HLMP-3680 
3-159 
HLMP-3681 
3-159 
HLMP-3750 
3-71 
HLMP -3762 
3-99 


HLMP-3850 
3-71 
HLMP-3862 
3-99 
HLMP-3950 
3-71 
HLMP-3962 
3-99 
HLMP-40oo 
3-155 


HLMP-41oo 
3-59 
HLMP-410 1 
3-59 
HLMP-47oo 
3-76 
HLMP-4719 
3-76 
HLMP-4740 
3-76 


HLMP-6000 
3-141 
HLMP-6001 
3-141 
HLMP-6203 
3-141 
HLMP-6204 
3-141 
HLMP-6205 
3-141 


HLMP-6206 
3-141 
HLMP-6208 
3-141 
HLMP-63oo 
3-141 
HLMP-6305 
3-141 
HLMP-6400 
3-141 
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HLMP -6405 
3-141 
HLMP-65oo 
3-141 
HLMP-6505 
3-141 
HLMP-66oo 
3-141 
HLMP-6620 
3-141 


HLMP-6653 
3-141 
HLMP-6654 
3-141 
HLMP-6655 
3-141 
HLMP-6656 
3-141 
HLMP-6658 
3-141 


HLMP -6700 
3-141 
HLMP-6720 
3-141 
HLMP-6753 
3-141 
HLMP-6754 
3-141 
HLMP-6755 
3-141 


HLMP-6756 
3-141 
HLMP-6758 
3-141 
HLMP-68oo 
3-141 
HLMP-6820 
3-141 
HLMP-6853 
3-141 


HLMP-6854 
3-141 
HLMP-6855 
3-141 
HLMP-6856 
3-141 
HLMP-6858 
3-141 
HLMP-7000 
3-141 


HLMP-7019 
3-141 
HLMP-7040 
3-141 
HLMP-81oo 
3-44 
HLMP-8102 
3-44 
HLMP-8103 
3-44 


HLMP-8109 
3-63 
HLMP-8115 
3-63 
HLMP-8150 
3-89 
HLMP-8205 
3-63 
HLMP-8209 
3-63 


HLMP-8305 
3-63 
HLMP-8309 
3-63 
HLMP-8405 
3-63 
HLMP-8409 
3-63 
HLMP-8505 
3-63 


HLMP-8509 
3-63 
HLMP-8605 
3-63 
HLMP·C1 ()() 
3-44 
HLMP-C110 
3-44 
HLMP- D101 
3-49 


HLMP-DI05 
3-49 
HLMP-DI50 
3-54 
HLMP-DI55 
3-54 
HLMP-D4oo 
3-99 
HLMP-D401 
3-99 


HLMP-D600 
3-99 
HLMP-D640 
3-71 
HLMP-DBOO 
3-33 
HLMP-DB15 
3-33 
HLMP-KI0l 
3-49 


HLMP-KI05 
3-49 
HLMP-KI50 
3-54 
HLMP-KI55 
3-54 
HLMP-K4oo 
3-123 
HLMP-K401 
3-123 


HLMP-K402 
3-123 
HLMP-KGOO 
3-123 
HLMP-K640 
3-71 
HLMP- P005 
3-141 
HLMP -PI05 
3-141 


HLMP-P205 
3-141 
HLMP-P305 
3-141 
HLMP-P405 
3-141 
HLMP-P505 
3-141 
HLMP-P605 
3-141 


HLMP-QI0 1 
3-141 
HLMP-QI05 
3-141 
HLMP-QI50 
3-141 
HLMP -Q155 
3-141 
HLMP-Q4oo 
3-141 


HLMP-Q600 
3-141 
HLMP-RlOO 
3-133 
HLMP-S 100 
3-137 
HLMP -S2oo 
3-137 
HLMP -S20 1 
3-137 


HLMP-S3oo 
3-137 
HLMP-S30 1 
3-137 
HLMP-S4oo 
3-137 
HLMP-S40 1 
3-137 
HLMP-S5oo 
3-137 


HLMP-S501 
3-137 
HLMP-SGOO 
3-137 
HLMP-T2oo 
2-19 
HLMP-T3OO 
2-19 
HLMP-T4oo 
2-19 
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HLMP-T5oo 
2-19 


HMDL-2416 
4-251 


HMDL-2416 TXV 
4-251 


HMDL-2416 TXVB 
4-251 


HOLC-0266 
5-209 


HOLC- K266 
5-223 


HPDL-1414 
4-166 


HPDL-2416 
4-166 


HPV A-0180 
5-224 


HRPG-AXXX 
1-76 


BSMD-C650 
3-37 


BSMD-C670 
3-37 


BSMD-T400 
3-81 


BSMD-T500 
3-81 


BSMD-TGOO 
3-81 


HSMD-T7oo 
3-81 


BSMF-C655 
3-37 


BSMG-C650 
3-37 


BSMG-C670 
3-37 


BSMG-T400 
3-81 


BSMG-T500 
3-81 


BSMG-TGOO 
3-81 


BSMG-T700 
3-81 


BSMH-C650 
3-37 


BSMH-C670 
3-37 


BSMH-T400 
3-81 


BSMH-T500 
3-81 


BSMH-TGOO 
3-81 


BSMH- 1'700 
3-81 


BSMS-C650 
3-37 


BSMS-C670 
3-37 


BSMS-T400 
3-81 


BSMS- T500 
3-81 


BSMS- TGOO 
3-81 


BSMS- 1'700 
3-81 


BSMY-C650 
3-37 


BSMY-C670 
3-37 


BSMY- T400 
3-81 


BSMY-T500 
3-81 


BSMY-TGOO 
3-81 


BSMY-T700 
3-81 


BSSR-7110 
6-416 


BSSR-8060 
6-265 


HSSR-8200 
6-275 


BSSR-8400 
6-283 


IDA-07318 
5-232 
D>C-51418. 
5-234 
IT A-06300 
5-240 
ITA-06318 
5-242 
ITA-l2300 
5-236 


ITA-12318 
5-236 
JAN1N5765 
3-194 
JAN1N6092 
3-194 
JANIN6093 
3-194 
JAN1N6094 
3-194 


JAN1N6609 
3-206 
JANIN6610 
3-206 
JAN1N6611 
3-206 
JANM195OO/51901 
3-194 
JANM195OO/51903 
3-206 


JANM195OO/52001 
3-194 
JANM195OO/52003 
3-206 
JANM195OO/52101 
3-194 
JANM195OO/52103 
3-206 
JANTX1N5765 
3-194 


JANTX1N6092 
3-194 
JANTX1N6093 
3-194 
JANTX1N6094 
3-194 
JANTX1N6609 
3-206 
JANTX6610 
3-206 


JANTX6611 
3-206 
JANTXM19500/51904 
3-206 
JANTXM19500/52004 
3-206 
JANTXM19500/52104 
3-206 
JM87157/00 101AAX 
4-273 


JM87157/00 102AAX 
4-273 
JM87157/oo104AAX 
4-273 
JM87157/oo103AAX 
4-273 
JTXM195OO/51902 
3-194 
JTXM195OO/52002 
3-194 


JTXM195OO/52102 
3-194 
1N5765 
3-194 
1N6092 
3-194 
1N6093 
3-194 
1N6094 
3-194 


1N6609 
3-206 
1N6610 
3-206 
1N6611 
3-206 
4N45 
6-150 
4N46 
6-150 


Bold = New Product 


Note: 
Standard 
Options Available 
(see page xix). 


4N51 
4-273 
4N51TXV 
4-273 
4N51TXVB 
4-273 
4N52 
4-273 
4N52TXV 
4-273 


4N52TXVB 
4-273 
4N53 
4-273 
4N53TXV 
4-273 
4N53TXVB 
4-273 
4N54 
4-273 


4N54TXV 
4-273 
4N54TXVB 
4-273 
4N55 
6-397 
4N551883B 
6-397 
5082-7300 
4-193 


5082-7302 
4-193 
5082-7304 
4-193 
5082-7340 
4-193 
5082-7356 
4-197 
5082-7357 
4-197 


5082-7358 
4-197 
5082-7359 
4-197 
5082-7404 
4-19 
5082-7405 
4-19 
5082-7414 
4-19 


5082-7415 
4-19 
5082-7432 
4-19 
5082-7433 
4-19 
5082-7610 
4-61 
5082-7611 
4-61 


5082-7613 
4-61 
5082-7616 
4-61 
5082-7620 
4-61 
5082-7621 
4-61 


5082-7623 
4-61 


5082-7626 
4-61 
5082-7650 
4-61 
5082-7651 
4-61 
5082-7653 
4-61 
5082-7656 
4-61 


5082-7660 
4-61 
5082-7661 
4-61 
5082-7663 
4-61 
5082-7666 
4-61 
5082-7730 
4-61 


5082-7731 
4-61 
5082-7736 
4-61 
5082-7740 
4-61 
5082-7750 
4-61 
5082-7751 
4-61 


5082-7756 
4-61 
5082-7760 
4-61 
5962-876790 lEX 
6-397 
5962-8767902PX 
6-405 
5962-87679032A 
6-405 


5962-887680 1PX 
6-313 
5962-887690 1PX 
6-313 
5962-88769022A 
6-313 
5962-894770 1PX 
6-388 
5962-895700 1PX 
6-328 


5962-895710 1PX 
6-328 
5962-89571022A 
6-328 
5962-895720 lEX 
6-360 
5962-897850 1PX 
6-377 
5962-89785022A 
6-377 


5962-898100 1PX 
6-377 
5962-908540 1HPX 
6-405 
5962-908550 1HPX 
6-351 
6N134 
6-344 
6N134/883B 
6-344 


6N135 
6-113 


6N136 
6-113 
6N137 
6-66 
6N138 
6-140 
6N139 
6-140 


6N140A 
6-369 
6N140N883B 
6-369 
8102801EX 
6-344 
8102802PX 
6-351 
81028032A 
6-351 
830240 lEX 
6-369 


Bold = New Product 


Note: 
Standard 
Option. 
Available 
(.ee page xix). 


Solid State Display Intensity 
and Color 
Selections 
Option SOl 
Intensity and Color 
Selected Displays 
.4-13 
Intensity and Color 
Selected Displays 
4-13 
Intensity and Color 
Selected Displays 
.4-13 


Optocoupler 
Options 
Option 001 
Commercial Burn-in 
6-18 
Option 002 
100% Screening Program 
6-18 
Option 020 
5000 Vael1 min. UL Rating 
6-255 
Option 300 
Gull Wing Surface Mount 
6-257 
Option 500 
Tape and Reel Packaging 
6-260 


Lead Bend Options, Subminiature 
Lamps 
Option 011 
Tape and Reel, 
1500 Lamps per Reel 
3-179 
Option 012 
Gull Wing Array, 
Bulk Packaging 
3-179 
Option 013 
Gull Wing Array, 
Shipping Tube 
3-179 
Option 021 
Yoke Lead, Tape and Reel, 
1500 Lamps per Reel 
3-179 
Option 022 
Yoke Lead, 
Bulk Packaging 
3-179 
Option 031 
Z-Bend, Tape and Reel, 
1500 Lamps per Reel 
3-179 
Option 032 
Z-Bend, Bulk Packaging 
3-179 
Option ILl 
2.54 mm (0.100 in) Rt. Angle 
Bend, Long Leads 
3-179 
Option 1Sl 
2.54 mm (0.100 in) Rt. Angle 
Bend, Short Leads 
3-179 
Option 2L1 
5.08 mm (0.200 in) Rt. Angle 
Bend, Long Leads 
3-179 
Option 2S1 
5.08 mm (0.200 in) Rt. Angle 
Bend, Short Leads 
3-179 


Luminous 
Intensity 
and Color Binning 
Options 
Option S02 
This option provides the selection 
oflamps from two adjacent 
luminous intensity 
categories 
3-188 
Option S20 
Devices selected to two 
color bin categories 
3-188 
Option S22 
Devices selected to two 
IV categories and two 
color bin categories 
3-188 


Right Angle and Panel Mount Options 
Option 102 
T-1 Rt. Angle, 
2 Element Array 
3-175 
Option 103 
T-1 Rt. Angle, 
3 Element Array 
3-175 
Option 104 
T-1 Rt. Angle, 
4 Element Array 
3-175 
Option 105 
T-1 Rt. Angle, 
5 Element Array 
3-175 
Option 106 
T-1 Rt. Angle, 
6 Element Array 
3-175 
Option 107 
T-1 Rt. Angle, 
7 Element Array 
3-175 
Option 108 
T-1 Rt. Angle, 
8 Element Array 
3-175 


Panel Mount Options 
Option 007 
High Profile T-l3J4w/HLMP-0104 
Clip & Ring 
3-169 
Option 010 
T-!"/. Rt. Angle, 
Leads Sheared Even 
3-171 
Option 100 
T-!"/. Rt. Angle, 
Leads Unsheared Uneven ..... 3-171 
Option 101 
T-1 Rt. Angle, 
Leads Sheared Even 
3-173 
Option 010 
T-1 Rt. Angle, 
Leads Unsheared Uneven 
3-173 
Option 010 
Subminiature 
Rt. Angle 
3-177 


Tape and Reel Options 
Option 001 
T-!"/., 5 mm (0.197 in) 
Formed Leads, 
1300 Lamps per Reel 
3-164 
Option 001 
T-1, 5 mm (0.197 in) 
Formed Leads, 
1800 Lamps per Reel 
3-164 
Option 002 
T-!"/., 5mm (0.197 in) 
Formed Leads, 
1300 Lamps per Reel 
3-164 
Option 002 
T-1, 5mm (0.197 in) 
Formed Leads, 
1800 Lamps per Reel 
3-164 


LED Light Bars Standard 
Options 
Option S02 
Devices Selected to 
Two (2) Iv Categories 
2-41 
Option S22 
Devices Selected to 
Two (2) Iv Categories 
and Two (2) Color 
Bin Categories 
2-41 
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Motion Sensing and Control 


Motion Sensing and 
Control 
Hewlett-Packard's 
growing 
family of motion sensing and 
control products developed as 
an extension of our emitter/ 
detector systems capabilities. 
Motion sensing products include 
optical shaft encoders and 
optical encoder modules for 
closed-loop servo applications, 
and rotary pulse generators 
for 
manual input applications. 
HP's optical products provide 
digital link converting 
mechanical 
shaft rotation into 
digital signals. 
HP's motion 
control ICs complement the 
optical products and greatly 
simplify the design of digital 
motion control systems. 


Our HEDS-9000, HEDS-9100, 
HEDS-9200, and HEDS-9700 
series optical encoder modules 
provide sophisticated 
motion 
detection at a low price, making 
them ideal for high volume 
applications 
such as a printers, 
plotters, and industrial 
automation 
equipment. 
The 
HEDS-9000 and HEDS-9100 
are now available in three 
channel versions, the HEDS- 
9040 and 9140, which provide a 
third channel index pulse in 
addition to the standard 
two 
channel outputs. 
The HEDS- 


9200 series linear encoder 


module uses the same emitter/ 
detector technology as the 
HEDS-9000 to sense linear 
position. 
We have also 
increased the resolution 
performance 
of the HEDS-9000/ 
9100/9200 to nearly twice the 
previous limit. The HEDS-9700 
comes in a super small, 
wavesolderable 
package with a 
variety of mounting options. 


The HEDS-5500 and HEDS- 
5600 series are complete, quick 
assembly, low cost optical shaft 
encoders. 
No adhesives or last 
minute adjustments 
are 
necessary for assembly. 
In 
addition, the HEDS-5540 and 
HEDS-5640 provide a third 
channel index pulse for home 
position sensing. 
The HEDS- 
5500 and 5600 series encoders 
offer a complete solution in 
industrial, 
medical, and office 
automation 
equipment. 


For applications in noisy 
environments, 
line driver 
options are available on both 
the HEDS-9001l9100/9200 
series module encoders, as well 
as the HEDS-5500/5600 encoder 
kits. 


Hewlett-Packard's 
HRPG series 
oflow cost miniature 
rotary 
pulse generators 
(RPGs) use 
reflective optics technology for 


superior reliability 
and 
consistent rotational 
feel for 
more than 1 million revolutions. 
The HRPG is ideal for front 
panel applications 
such as test 
and measurement 
equipment, 
medical equipment, 
CAD/CAM 
systems, and audio/video 
equipment. 
The HRPG is 
available in a variety of 
configurations 
including smooth 
or detented turning, multiple 
terminations 
and mounting 
options, and a wide selection of 
shaft configurations. 


To complement the motion 
sensing products, HP offers two 
motion control IC family of 
products. 
The HCTL-llOO 
CMOS general purpose motion 
control IC performs all of the 
time-intensive 
tasks of digital 
motion control. The HCTL-llOO 
controls position or velocity 
while using an incremental 
encoder for feedback 
information. 
The HCTL-llOO is 
also available in a surface 
mount package. 
The HCTL- 


2000, HCTL-2016, and HCTL- 
2020 Quadrature 
Decoder/ 
Counter ICs provide a one chip, 
easy to implement 
solution to 
interfacing 
the quadrature 
output of an encoder or RPG to 
a microprocessor. 
These CMOS 
ICs include a quadrature 
decoder, a 12 or 16 bit up/down 


counter, and an 8 bit bus 
interface. 
In addition, the 
HCTL-2020 has cascade output 
signals as well as quadrature 
decoder output signals. 
The 
HCTL-2016 and HCTL-2020 are 
also available in surface mount 
packages. 


New Products 
Encoder Line Driver Options, 
HEDL-90XX 
/ 91XX / 92XX 


Now most of HP's Encoder Kits 
and Encoder Modules 
have Line 
Driver options available! 
The 
base parts are the HEDS-55XX 
and HEDS-9000 
/ 9100 / 9200. 


I 
.... 


Extended 
Resolution 
Encoder 
Modules, HEDS-9000/9100 


New, higher resolution 
encoder 
modules available 
up to 1024 
CPR on a llmm 
Rop, 
or up to 
1024 CPR on a 23mm Rop. 


High Resolution 
Codewheels,HEDM 
/ HEDG- 
5120/6120. 


These new codewheels are 
designed 
to work with the High 
Resolution 
Encoder Modules 
and are available 
in film and 
glass to meet your specific 
environmental 
needs. 


Optical Encoder Modules 


Package OuUlne Drawing 
Part No. 
Channels 
ResoluUon 
Page No. 
0 


HEDS-9000 
A,B 
A 
500 
CPR 
1-22 
OPTD 
00 
B 
1000 CPR 


role'" 
HEDS-90oo 
0 


Extended 
T 
2000 CPR 
1-13 
Resolution 
U 
2048 CPR 
OPTD 
00 
0 


HEDS-90XX 
role'" 
HEDL-9000 
ALL 
1-73 
OPTD 
00 
HEDS·91XX 
0 


HEDS·92XX 
HEDS-9040 
A,B,I 
B 
1000 CPR 
1-32 
OPTD 
00 


role'" 
HEDL-9040 
1024 CPR 
1-73 
OPTD 
00 


0 
HEDS-91oo 
A, B 
K 
96 
CPR 
B 
1000 
CPR 
1-22 


OPTD 
00 
C 
100 
CPR 
J 
1024 
CPR 


role'" 
HEDL-9100 
0 
192 
CPR 
1-73 
OPTD 
00 
E 
200 
CPR 


F 
256 
CPR 


G 
360 
CPR 


H 
400 
CPR 


A 
500 
CPR 


I 
512 
CPR 
0 


HEDS-9140 
A, B, I 
C 
100 
CPR 
1-32 


OPTD 
00 
E 
200 
CPR 


D 


role'v 
HEDL-9140 
F 
256 
CPR 
1·73 
OPTD 
00 
G 
360 
CPR 


H 
400 
CPR 


A 
500 
CPR 


I 
512 
CPR 
HEDL-90XX 
000 
000 
HEDL-91XX 
HEDS-9200 
A,B 
LOO 120 
LPI 
300 
300 
CPI 
1-28 
HEDL·92XX 
OPTD 
00 
MOO 
127 
LPI 
360 
360 
CPI 


~e.,Y HEDL-9200 
POD 150 
LPI 
1-73 
OPTD 
00 
000 
180 
LPI 


ROO 200 
LPI 


Mounting 


Package Outline Drawing 
Part No. 
Lead Bend 
Channels 
Resolution 
Options 
Page No. 


~: 


III 
[[][[] 
1-41 
HEDS-9700 
Straight 
A,B 
K 
96 CPR 
50 - Standard 


OPT 11@[[] 
C 
100 CPR 
51 - Rounded Outline 


HEDS-9701 
Bent 
A,B 
0 
192 CPR 
52 - Backplane 


OPT (jJ [[] [[] 
E 
200 CPR 
53 - Standard wlPests 


F 
256 CPR 
54- Tabless 


G 
360 CPR 
55 - Backplane wlPests 


H 
400 CPR 


@] 


HEDS·9720 
Straight 
A,B 
L 
120 LPI 


OPT @][[][[] 
M 
127LPI 


HEDS-9721 
Bent 
A,B 
P 
150 LPI 


, 


OPT 11J[[][[] 


I 
.-. - 


Codewheels -11.00 
mm (0.433 in) Optical Radius 


Matching 
Encoder 
Package Outline Drawing 
Part No. 
Module 
Channels 
Resolution 
Shaft Size 
Page No. 


ITJ 
[][] 
HEDS-5120 
HEDS·9100 
A,8 
K 
96 CPR 
01 
2mm 
1-51 


OPT ITJ[][] 
HEDS-9700 
C 
100 CPR 
02 
3 mm 
D 
192CPR 
03 
1/8 in. 


E 
200 CPR 
04 
5/32 in. 


F 
256 CPR 
05 
3/16 in. 


G 
360 CPR 
06 
1/4 in. 


H 
400 CPR 
11 
4mm 
A 
500 CPR 
14 
5mm 
I 
512 CPR 
12 
6mm 
13 
8mm 
m 
HEDS-514O 
HEDS·9140 
A,8,I 
C 
100 CPR 
OPT m[][] 
E 
200 CPR 
F 
256 CPR 
G 
360 CPR 
H 
400 CPR 
A 
500 CPR 
I 
512 CPR 


[II 
0 


New 
HEDM-5120 
HEDS-9100 
A,8 
8 
1000 CPR 


EEl 
I 
I 
OPT m[][] 
Extended 
J 
1024 CPR 


, 
§ New 
HEDG-5120 
Resolution 


..•'{> 
OPT m[][] 


Codewheels 
- 23.36 mm (0.920 in) Optical Radius 
• 


.. 
Matching 
.. 


Encoder 
Package Outline Drawing 
Part No. 
Module 
ChaMels 
Resolution 
Shaft Size 
Page No. 


IT! 
(g][g] 
1-51 
HEDS-6100 
HEDS-9000 
A,B 
D 
192 CPR 
03 
1/8 in. 


OPT IT!(g][g] 
E 
200 CPR 
06 
1/4 in. 


H 
400 CPR 
07 
5/16mm 
A 
500 CPR 
08 
318mm 
I 
512 CPR 
09 
112in. 


B 
1000 CPR 
10 
5418in. 
J 
1024 CPR 
11 
4mm 
12 
6mm 
III 
13 
8mm 
HEDS-6140 
HEDS-9040 
A,B,I 
B 
1000 CPR 
OPT Ill[g](g] 
J 
1024 CPR 


[!] 
HEDM-6120 
HEDS-9000 
A,B 
T 
2000 CPR 
OPT [!](g](g] 
Extended 
U 
2048 CPR 
Resolution 
HEDG-6120 
OPT [!](g](g] 


Quick Assembly 
Encoder - HE05-SS00 
series 


Mounting 
Through 
Page 


Package OuUlne Drawing 
Part No. 
Channels 
Type 
Hole 
ResoluUon 
Shaft Size 
No. 


[D 
[J[J 


HEDS-5500 
A, B 
Standard 
None 
K 
96 
CPR 
01 
2mm 
1-61 


HEDL-5500 
1-73 
OPT [D[J[J 
C 
100 CPR 
02 
3mm 


HEDS-5505 
A, B 
Standard 
8.9mm 
D 
192 CPR 
03 
1/8 in. 
1-61 


HEDS-55XX 
HEDL-5505 
(0.35 in.) 
1-73 


HEDS-56XX 
OPT(jJ[J~ 
E 
200 CPR 
04 
5/32 in. 


HEDM-550X 


HEDM-560X 
HEDS-5600 
A,B 
External 
None 
F 
256 CPR 
05 
3/16 in. 
1-61 


HEDL-5600 
Mounting 
1-73 
OPT (jJ[J[J 
Ears 
G 
360 CPR 
06 
1/4 in. 


HEDS-5605 
A,B 
External 
8.9 mm 
H 
400 CPR 
11 
4mm 
1-61 


HEDL-5605 
Mounting 
(0.35 in.) 
1-73 
OPT(jJrg:@ 
Ears 
A 
500 CPR 
14 
5mm 


512 CPR 
12 
6mm 


[J 
13 
8mm 
HEDS-554O 
A, B, I 
Standard 
None 
L 
100 CPR 
1-61 


HEDL-554O 
1-73 
OPT[J~~ 
E 
200 CPR 


HEDL-55XX 
HEDS-5545 
A, B,I 
Standard 
8.9 mm 
F 
256 CPR 
1-61 


HEDL-56XX 
HEDL-5545 
(0.35 in.) 
1-73 
opm@~ 
G 
360 CPR 


HEDS-5640 
A, B, I 
External 
None 
H 
400 CPR 
1-61 


HEDL-5640 
Mounting 
1-73 
OPT[J~[J 
Ears 
A 
500 CPR 


HEDS-5645 
A, B,I 
External 
8.9 mm 
512 CPR 
1-61 


HEDL-5645 
Mounting 
(0.35 in.) 
1-73 
opm@~ 
Ears 


HEDM-5500 
A,B 
Standard 
None 
B 
1000 CPR 
1-61 
OPTli@~ 


HEDM-5505 
A,B 
Standard 
8.9 mm 
J 
1024 CPR 
OPT [i@~ 
(0.35 in.) 


HEDM-5600 
A,B 
External 
None 
OPT [i@[J 
Mounting 


Ears 


HEDM-5605 
A,B 
External 
8.9mm 
OPT [!@~ 
Mounting 
(0.35 in.) 


Ears 


1-8 


Package 
Shaft Feel! 
Mechanical 
Page 
Outline Drawing 
Part No. 
Resolution" 
Configuration 
Termination 
No. 


D 


[jJ[jJ[jJ 
~~ 
~ 
1-76 
HRPG· 
S16-Smooth 
11 - 0.3' x 0.25' 
F - Pins Front 
16CPR 
with Bracket 


~~ 
A[j][jJ[jJ OPT [i]~~ 
016- 
Detented 
13 - 0.3' x 0.25' 
, 


16CPR 
O-cut 
n 
S 32-Smooth 
14 - 0.5' x 0.25' 
R- Pins Rear 
II 
II 
32CPR 
with Bracket 
U 
U 
032 - Detented 
16- 0.5' x 0.25' 
32CPR 
O-cut 


S64- Smooth 
17- 0.8' x 0.25' 
C - Cable Connector 
64 CPR 
with Strain Relief 


SCA-Smooth 
19- 0.8' x 0.25' 
120 CPR 
O-cut 


51 - 7.6 mm x 6 mm 


53 - 7.6 mm x 6 mm 
D-cut 


54-12.7 
mm x 6 mm 


56-12.7 
mm x 6 mm 
D-cut 


57 - 20.3 mm x 6mm 


59-20.3 
mm x 6mm 
D-cut 


• 
.-.. 


Package 
Page 
Outline Drawing 
Part No. 
TerrnlnaUon 
ResoluUon 
DragOpUon 
Shaft ConfiguratIon 
No. 


12<- 
ill 
I2l 
[J 
1-84 
JIP 
HEDS-S700 
Pins 
K 96 CPR 
o -free spinning 
0-0.2S'dia 


OPT[I][J[J 
C 100CPR 
1- staticdrag 
1-6mm 
dia 


~ 


HEDS-S701 
6' ColorCodedLeads 
D 192CPR 
2 - 0.2S' dia D-art 


OPT [I][J[J 
E 200CPR 


F 2S6CPR 


G 360CPR 


H 400CPR 


A SOOCPR 


I 
S12CPR 


Motion ControllCS 
- HCTL·XXXX Series 


Package Outline Drawing 
Part No. 
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HCTL-1100 


OPT PLC 


Description 


CMOS General Purpose Motion ControllC 


Page No. 


1-104 


HCTL-2016 
PDIP 
CMOS Quadrature Decoder/Counter IC, 16-bit Counter 


~jo<>~o 


'" 
" 
" 
~e'~ HCTL-2016 
CMOS Quadrature Decoder/Counter IC, 16-bit Counter 
1-102 


"' 
" 
" 
OPT PLC 
PLCC 
"' 
16 
NC 
iffi 
15 
NC 
CHEl 
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HCTL·2020 
PDIP 
CMOS Quadrature Decoder/Counter IC, 16-bit Counter, 
1-86 


Quadrature Decoder Output Signals, 


Cascade Output Signals 


'" 
U'O 
"' 
iffi 
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HCTL·2020 
OPT PLC 


CMOS Quadrature Decoder/Counter IC, 16·bit Counter, 


PLCC 
Quadrature Decoder Output Signals, Cascade Output 
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Package Oudlne Drawing 
Part No. 
DescrlpUon 
Page No. 
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HEDS-8902 
4-wire connector with 15.5 em (6.1 in.) flying leads. Locks into 
1-61 


HEDS-5500 and HEDS-5600 2 channel encoders. Also fits 
1-22 


HEDS-9000. HEDS-9100. and HEDS-9200 2 channel encoder 
1-28 


modules. 


1: 
1 i~ 


HEDS-8903 
5-wire connector with 15.5 em (6.1 in.) flying leads. Locks into 
1-61 
HEDS-5540 and HEDS-5640 three channel encoders. Also fits 
1-32 
HEDS-9040 and HEDS-9140 three channel encoder modules. 


HEDS-8905 
Alignment Tool for HEDS-9140 
1-32 


HEDS-8906 
Alignment Tool for HEDS-9040 
1-32 


HEDS-8901 
Gap Setting shown for film codewheels 
1-51 


HEDS-8932 
Gap Setting shown for glass codewheels 
1-51 


HEDS-8910 
Alignment Tool for HEDS-5540/5545 and HEDS-564015645. 
1-61 


OPT 0 DO 
Order in appropriate shalt size. 
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Two Channel High Resolution 
Optical Incremental 
Encoder 
Modules 


Features 
• High Resolution: 
Up to 
2048 Cycles per Revolution 
• Up to 8192 Counts per 
Revolution 
with 4X 
Decoding 
• Two Channel Quadrature 
Output 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 
Required 
• Small Size 
• -40°C to 100°C Operating 
Temperature 
• TTL Compatible 
• Single 5 V Supply 


Description 
The HEDS-9000 Options T and 
U and the HEDS-9100 Options 
Band J are high resolution two 
channel rotary incremental 
encoder modules. 
These options 


are an extension of our popular 
HEDS-9000 and HEDS-9100 
series. 
When used with a code- 


wheel, these modules detect 
relative rotary position. 
The 
HEDS-9200 Option 300 and 360 
are high resolution linear 


encoder modules. 
When used 
with a codestrip, these modules 
detect relative linear position. 


These modules consist of a 
lensed Light Emitting Diode 
(LED) source and detector IC 
enclosed in a small C shaped 
plastic package. 
Due to a highly 
collimated light source and 
unique photodetector 
array, 
these modules provide a highly 
reliable quadrature 
output. 


The HEDS-9000 and HEDS- 
9100 are designed for use with 
codewheels which have an 
optical radius of 23.36 mm and 
11 mm respectively. 
The 
HEDS-9200 is designed for use 
with a linear codestrip. 


These components produce a 
two channel quadrature 
output 
which can be accessed through 
five 0.025 inch square pins 
located on 0.1 inch centers. 


The resolution of the HEDS- 
9000 Options T and U are 2000 
and 2048 counts per revolution 
respectively. 
The HEDS-9100 
Options Band J are 1000 and 


HEDS·9000/9100/9200 
Extended Resolution 
Series 


• 
.-.. 


1024 counts per revolution 
respectively. 
The HEDS-9200 
Option 300 and 360 linear 
encoder modules have resolu- 
tions of 300 and 360 lines per 
inch. 


Consult local Hewlett-Packard 
sales representatives 
for other 
resolutions. 


Theory of Operation 
The diagram shown on the fol- 
lowing page is a block diagram 
of the encoder module. As seen 
in this block diagram, the 
module contains a single LED 
as its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 


ESD WARNING: 
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HANDLING 
PRECAUTIONS 
SHOULD 
BE TAKEN 
TO AVOID 
STATIC 
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LED. Opposite the emitter is 
the integrated 
detector circuit. 


This IC consists of multiple sets 
of photo detectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel/codestrip passes 
between the emitter and 
detector, causing the light beam 
to be interrupted 
by the pattern 
of spaces and bars on the code- 
wheel. The photodiodes which 
detect these interruptions 
are 
arranged in a pattern that 
corresponds to the codewheel/ 
codestrip. 
These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are 
then fed through the signal 
pr~essing 
ci.!.-cuitryresulting in 
A, A, B, and B. Comparators 
receive these signals and 
produce the final outputs for 
channels A and B. Due to this 
integrated 
phasing technique, 


the digital output of channel A 
is in quadrature 
with that of 
channel B (90 degrees out of 
phase). 


Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 


1 cycle (C): 360 electrical degrees 
(Oe),1 bar and window pair. 


1 Shaft Rotation: 
360 mechani- 
cal degrees, N cycles. 


Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 180 


0e or 1/2 cycle. 


Pulse Width Error (M): 
The 
deviation, in electrical degrees 
ofthe pulse width from its ideal 
value of 180oe. 


State Width (S): The number of 
electrical degrees between a 
transition 
in the output of chan- 


nel A and the neighboring 
transition 
in the output of 
channel B. There are 4 states 


per cycle, each nominally 90oe. 


State Width Error (,1S): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 900e. 


Phase (IP): The number ofelec- 
trical degrees between the 
center ofthe high state of chan- 
nel A and the center of the high 
state of channel B. This value 
is nominally 900e for quadrature 
output. 


Phase Error (.1IP): The deviation 
of the phase from its ideal value 
of90oe. 


Direction of Rotation: 
When the 


codewheel rotates in the direc- 
tion of the arrow on top ofthe 
module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 


Optical Radius 
(Ro~: The dis- 


tance from the codewheeI's 
center ofrotation 
to the optical 
center (O.C.) of the encoder 
module. 


ALIGNING 
RECESS 
2.44/2.41 
DIA. 


(0.096/0.095) 
2.16 (0.085) 
1.85 (0.073) 


DEEP 
8.64 (0.340) REF. 


I 45° 


I 


ALIGNING RECESS 
2.44/2.41 
DIA 


(0.096/0.095) 
2.16 (0.085) D~EP 


_4.1410.163) 
6.35 (0.250) REF. 


Absolute Maximum Ratings 
Storage Temperature, 
Ts 
-40°C to 100°C 
Operating Temperature, 
TA 
-40°C to 100°C 
Supply Voltage, Vcc 
-0.5 V to 7 V 
Output Voltage, Vo 
-0.5 V to Vcc 
Output Current per Channel, 
lout 
-1.0 mA to 5 mA 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Temperature 
TA 
-40 
100 
°C 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
Volts 
Ripple < 100 mVp-p 


Load Capacitance 
CL 
100 
pF 
3.3 k.Q pull-up resistor 


Count Frequency 
f 
100 
kHz 
Velocity (rpm) x N/60 


Shaft Axial Play 
±0.125 
mm 
±0.005 
in. 


Note: 
The module performance 
is guaranteed 
to 100 kHz but can operate 
at higher 
frequencies. 
For frequencies 
above 100 kHz it 


is recommended 
that the load capacitance 
not exceed 25 pF and the pull up resistance 
not exceed 3.3 kil. For typical module 


performance 
above 100 kHz please see derating 
curves. 


• 


.... 


Electrical Characteristics 
Electrical Characteristics 
over Recommended Operating Range, typical at 25°C. 


Parameter 
Symbol 
Min. 
Typical 
Max. 
Units 
Notes 


Supply Current 
lee 
30 
57 
85 
mA 


High Level Output Voltage 
VOH 
2.4 
Volts 
IOH= -200 ~ 
max. 


Low Level Output Voltage 
VOL 
0.4 
Volts 
IOL= 3.86 mA 


Rise Time 
t,. 
180 
ns 
CL= 25 pF 


Fall Time 
tr 
40 
ns 
RL = 3.3 kn 
pull-up 


Encoding Characteristics 
Encoding Characteristics 
over Recommended Operating Range and Recommended Mounting 
Tolerances. These Characteristics 
do not include codewheel/codestrip contribution. The Typical Values 
are averages over the full rotation of the .codewheel. For operation above 100 kHz, see frequency 
derating curves. 


Description 
Symbol 
Typical 
Maximum 
Units 


Pulse Width Error 
~P 
5 
45 
°e 


Logic State Width Error 
~S 
3 
45 
°e 


Phase Error 
~<I> 
2 
15 
°e 


Note: 
Module 
mounted 
on tolerance 
circle of±O.13 
mm (±O.OO5 in.) radius 
referenced 
from module 
Side A aligning 
recess 
centers. 


3.3 kQ pull-up 
resistors 
used 
on all encoder 
module 
outputs. 


Frequency Derating Curves 
Typical performance over extended operating range. These curves were derived using a 25 pF load with 
a 3.3 k pull-up resistor. Greater load capacitances will cause more error than shown in these graphs. 


Gap Setting for Rotary 
and Linear Modules 
Gap is the distance between the 
image side of the codewheel and 
the detector surface of the mod- 
ule. This gap dimension must 
always be met and codewheel 
warp and shaft end play must 
stay within this range. 
This 
dimension is shown in Figure 1. 


Mounting 
Considerations 
for 
Rotary Modules 
Figure 2 shows a mounting 
tolerance requirement 
for proper 
operation of the high resolution 
rotary encoder modules. 
The 
Aligning Recess Centers must 
be located within a tolerance 
circle of 0.13 mm (0.005 in,) 
radius from the nominalloca- 
tions. This tolerance must be 
maintained. whether the module 
is mounted with side A as the 
mounting plane using aligning 
pins (see Figure 3), or mounted 
with Side B as the mounting 
plane using an alignment tool. 


Mounting with Aligning 
Pins 
The high resolution rotary 
encoder modules can be mounted 
using aligning pins on the motor 
base. (HP does not provide 
aligning pins.) For this configu- 
ration, Side A must be used as 
the mounting plane. 
The 
Aligning Recess Centers must 
be located within the 0.13 mm 
(0.005 in.) R Tolerance Circle as 
explained above. Figure 3 shows 
the necessary dimensions. 


Mounting with HP 
Alignment Tools 
HP offers alignment tools for 
mounting HP encoder modules 
in conjunction with HP code- 
wheels, using side B as the 
mounting plane. Please refer to 
the HP codewheel data sheet for 
more information. 
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NOTES: 
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INCLUDE 
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NOTE 1: THEse 
DIMENSIONS 
INCLUDE SHAFT END PLAY AND CODEWHEEL WARP: 


NOTE 2: RECOMMENDED 
MOUNTING 
SCREW TORQUE IS 4 KG-eM 
(3.5 IN.LBSI 


ALIGNING 
PINS 
0.76 (0.030) HIGH (MAX) 
- 
2.44/2.41 
(0.096/0.095) 
CIA 
0.25 (0.010) 
X 450 CHAMFER 
2 PLACES 
I 
20.83 (0.820) 
21.0810.8301 


~~ENTERt 


i~M25X045 


(256 UNC 28) 
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364(0151) 
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ALIGNING 80SS 
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NOTES: 
1. THESE DIMENSIONS 
INCLUDE 
CODESTRIP 
WARP. 


2. REFERENCE 
DEFINITIONS 
OF L. AND Lb ON THE FOLLOWING 
PAGE 


3. MAXIMUM 
RECOMMENDED 
MOUNTING 
SCREW 


TORQUE IS 4 kg-em (3.5 in·lbs). 
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Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


WindowlBar Ratio 
epw/~ 
0.7 
1.4 


Window Length 
Lw 
1.8 (0.07) 
mm (inch) 


Absolute Maximum 
R.: 
R 
1.9 
mm 
Includes eccentricity 


Codewheel Radius 
op + (0.075) 
(inch) 
errors 


Recommended Codestrip Characteristics 
and Alignment 


Codestrip design must take into consideration mounting as referenced to either side A or side B (see Figure 4). 
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STATIC CHARGE WARNING: LARGE STATIC 
CHARGE ON CODESTRIP 
MAY HARM 
MODULE. PREVENT 
ACCUMULATION 
OF CHARGE. 


Mounting 
Ref. 
Mounting 
Ref. 
Parameter 
Symbol 
Side A 
Side B 
Units 


WindowlBar Ratio 
WwfWb 
0.7 min., 1.4 max. 
0.7 min., 1.4 max. 


Window Distance 
L 
La:<; 0.51 (0.020) 
4 ~3.23 (0.127) 
mm (inch) 


Window Edge to 
S 
0.90 (0.035) min. 
0.90 (0.035) min. 
mm (inch) 
Module Opt Center Line 


Parallelism 
a 
1.3 max. 
1.3 max. 
deg. 
Module to Codestrip 


• 
.-.. 


Manufacturer 
Part 
Number 
Mounting 
Surface 


AMP 
103686-4 
Both 
640442-5 
SideB 


DuPont 
65039-032 with 4825X-000 term. 
Both 


HP 
HEDS-8902 with 4-wire leads 
Side B (see Fig. 7) 


Molex 
2695 series with 2759 series term. 
Side B 


14.30 
152±O.5 


10,5631 
~----15.ge 
± 002) 


~I=:I= 


5.0 
~ 
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(0.201 
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Two Channel Encoder Modules with a 23.36nun Optical Radius 


HED8-9000 Option 
[[]@] 


Resolution 
(CycleslRev) 


T-2000CPR 
U -2048 CPR 


Two Channel Encoder Modules with an 11.00nun Optical Radius 


HED8-9100 Option 


Resolution 
(CycleslRev) 


B -lOooCPR 
J -1024 CPR 


Resolution 
(CycleslRev) 


300 - 300 LPI 
360 - 360 LPI 


*CodewheelbUonnation 
For information 
on matching 
codewheels 
and 


accessories 
for use with HP rotary encoder 
modules, 
please refer to the HP Codewheel 
Data 


sheet HEDS-5120161oo, 
HEDG-5120/6120, 


HEDM-512016120 


Fhiil HEWLETT 
~r..• PACKARD 


1\vo Channel Optical 
Incremental Encoder Module 


Features 
• High Perfonnance 
• High Resolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 
Required 
• Insensitive 
to Radial and 
Axial Play 
• Small Size 
• -40°C to 100°COperating 
Temperature 
• Two Channel Quadrature 
Output 
• TTL Compatible 
• Single 5 V Supply 


Description 
The REDS-9000 and REDS- 
9100 series are high 
performance, low cost, optical 
incremental 
encoder modules. 
When used with a codewheel, 
these modules detect rotary 
position. The modules consist of 
a lensed LED source and a 
detector IC enclosed in a small 
C-shaped plastic package. Due 
to a highly collimated light 
source and a unique photo- 
detector array, the modules are 
extremely tolerant to mounting 
misalignment. 


The two channel digital outputs 
and the single 5 V supply input 
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are accessed through five 0.025 
inch square pins located on 0.1 
inch centers. 


Standard 
resolutions for the 


REDS-9000 are 500 CPR and 
1000 CPR for use with a REDS- 


I 450 
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ALIGNING 
RECESS 


244 
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2 16 (0 085) DEEP 
1-- 4 1410 
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6100 codewheel or equivalent. 
For the REDS-9100, 
standard 
resolutions between 96 CPR and 
512 CPR are available for use 
with a REDS-5120 codewheel or 
equivalent. 


Applications 
The REDS-9000 and 9100 
provide sophisticated 
motion 
detection at a low cost, making 
them ideal for high volume 
applications. Typical applica- 
tions include printers, plotters, 
tape drives, and factory 
automation 
equipment. 


Theory of Operation 
The REDS-9000 and 9100 are 
C-shaped emitter/detector 
modules. Coupled with a 
codewheel, they translate 
the 
rotary motion of a shaft into a 
two-channel digital output. 


As seen in the block diagram, 
each module contains a single 
Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated 
detector circuit. 


This IC consists of multiple sets 
of photo detectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern 
of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions 
are arranged in a 
pattern that corresponds to the 
radius and design ofthe code- 
wheel. These detectors are also 
spaced such that a light period 
on one pair of detectors corre- 
sponds to a dark period on the 
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adjacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 
circuitry resulting in A, A, B, 
and B. Two comparators 
receive these signals and 
produce the final outputs for 
channels A and B. Due to this 
integrated 
phasing technique, 
the digital output of channel A 
is in quadrature 
with that of 
channel B (90 degrees out of 
phase). 


Definitions 
Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 


1 Shaft Rotation = 360 
mechanical 
degrees 


= N cycles 
1 cycle (c) = 360 electrical 
degrees (Oe) 
= 1 bar and 
window pair 


I 
.... 


Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 


Pulse Width Error ( M): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 180oe. 


State Width (S): The number of 
electrical degrees between a 
transition 
in the output of 
channel A and the neighboring 
transition 
in the output of 
channel B. There are 4 states 
per cycle, each nominally 90oe. 


State Width Error (/':,.S):The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 900e. 


Absolute Maximum Ratings 
Storage Temperature, 
Ts 
-40°C to 100°C 
Operating Temperature, 
TA •••••••••••••••••••••••••••••••••••••••••• 
-40°C to 100°C 
Supply Voltage, Vcc 
-0.5 V to 7 V 
Output Voltage, Vo 
-0.5 V to Vcc 


Output Current per Channel, 10 ......••..••...•...........•...• 
-1.0 mA to 5 mA 


Phase 
(cjl): The number of 
electrical degrees between the 
center ofthe high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 90 


0e for 
quadrature 
output. 


Phase Error 
(/':,.cjl): The deviation 
of the phase from its ideal value 
of90oe. 


Direction of Rotation: When the 
codewheel rotates in the 


direction of the arrow on top of 
the module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 


Optical Radius 
(RopY:The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Temperature 
T 
-40 
100 
°C 


Supply Voltage 
Vcc 
4.5 
5.5 
Volts 
Ripple < 100 mVp-p 


Load Capacitance 
CL 
100 
pF 
3.2 kil 
pull-up resistor 


Count Frequency 
f 
100 
kHz 
Velocity (rpm) x N 
60 


Encoding Characteristics 
Encoding Characteristics 
over Recommended Operating Range and Recommended Mounting 
Tolerances. These characteristics 
do not include codewheel contributions. 


Parameter 
Sym. 
Typ. 
Case 1 Max. 
Case 2 Max. 
Units 
Notes 


Pulse Width Error 
/':,.P 
7 
30 
40 
°e 


Logic State Width Error 
/':,.S 
5 
30 
40 
°e 


Phase Error 
/':,.cjl 
2 
10 
15 
°e 


Case 1: Modules 
mounted 
on tolerances 
of±O.13 mm (O.OOS··). 


Case 2: HEDS-9000 
mounted 
on tolerances 
of±O.SO mm (0.020"). 
HEDS-9100 
mounted 
on tolerances 
of ±O.38 mm (O.OlS··). 


Electrical Characteristics 
Electrical Characteristics 
over Recommended Operating Range, typical at 25°C. 


Parameter 
Symbol 
Min. 
Typical 
Max. 
Units 
Notes 


Supply Current 
Ice 
17 
40 
mA 


High Level Output Voltage 
VOH 
2.4 
V 
IOH= -40 i1Amax. 


Low Level Output Voltage 
VOL 
0.4 
V 
IOL= 3.2 mA 


Rise Time 
tr 
200 
ns 
CL= 25 pF 


Fall Time 
tf 
50 
ns 
~ 
= 11 kQ pull-up 


Optical 
HEDS 
CPR 
Radius 
Series 
(N) 
Option 
mm (in.) 


5120 
96 
K 
11.00 (0.433) 


5120 
100 
C 
11.00 (0.433) 


5120 
192 
D 
11.00 (0.433) 


5120 
200 
E 
11.00 (0.433) 
5120 
256 
F 
11.00 (0.433) 
5120 
360 
G 
11.00 (0.433) 
5120 
400 
H 
11.00 (0.433) 
5120 
500 
A 
11.00 (0.433) 
5120 
512 
I 
11.00 (0.433) 


6100 
500 
A 
23.36 (0.920) 
6100 
1000 
B 
23.36 (0.920) 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 
Window/Bar Ratio 
4>J4>b 
0.7 
1.4 


Window Length 
Lw 
1.8 (0.07) 
2.3 (0.09) 
mm (inch) 


Absolute Maximum 
Re 
Rop + 1.9 (0.075) 
Includes eccentricity 
Codewheel Radius 
mm (inch) 
errors 


• 


r 


5.94 [0.234) MAX 


MOUNTING 
BOSS - 
r 


NOTUSEDON6mm& 
1/4" 


1.0. HUBSU 
6.3210249) 


MAX. 4.45(0.175) 
NOTE 1 


NOTES: 
1. THESE 
DIMENSIONS 
INCLUDE 
SHAFT 
END 
PLAY. 
AND 
CODEWHEEL 
WARP. 


2. MAXIMUM 
RECOMMENDED 
MOUNTING 
SCREW 
TORQUE 
IS 4 kg-em 
(3.5 in-lbSI. 


ARTWORK 
SIDE 


o,~ 


~UNT)NG 
PLANE 


NOTES: 
1. THESE 
DIMENSIONS 
INCLUDE 
SHAFT 
END 
PLAY, 


AND 
CODEWHEEl 
WARP. 
2. MAXIMUM 
RECOMMENDED 
MOUNTING 
SCREW 
TORQUE 
IS 4 kg-em 
(3.6 in-Ibs). 


T 
19.0 


(Q.747)1 
.~..JJ 
(0.354) 


Mounting 
Manufacturer 
Part 
Number 
Surface 


AMP 
103686-4 
Both 
640442-5 
Side B 


DuPont 
65039-032 with 
Both 
4825X-000 term. 


HP 
HEDS-8902 
Side B 
with 4-wire leads 
(see Fig. 6) 


Molex 
2695 series with 
Side B 
2759 series term. 


HEDS-6100 
Option 
~ 


Resolution 
(CycleslRev) 


A - 500 CPR 
B -1000 CPR 
T = 2000 CPR* 
U = 2048 CPR* 


Resolution 
(CycleslRev) 


K- 96 CPR 
C -100 CPR 
D - 192 CPR 
E - 200 CPR 
F- 256 CPR 


G- 360 CPR 
H - 400 CPR 
A- 500 CPR 
1-512CPR 
B - 1000 CPR* 
J - 1024 CPR* 


1430 


(0.563} 
~I 
r=;=~:I- 


,0",00' I 
7.1 'gf 
(028 :g~) 
Lf 
,-L 


~ 


.2 
~,;o'~'1cr 


10.182) 


18.0 


(0711 


05 - 3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 


10 - 5/8 in. 
11-4 
mm 
12 - 6 mm 
13 - 8 mm 


01- 2 mm 
02 - 3 mm 
03 - 1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 - 1/4 in. 


11- 4 mm 
14 - 5 mm 
12 - 6 mm 
13 - 8 mm 


PIN NUMBER 


1 
2 
3 
4 
5 


PARAMETER 
CO~OR 


GROUND 
BLACK 
NC 


CHA 
~HITE 


Vet 
RED 


CH 
B 
BROWN 
• 
~ 
.- 


rlin- 
HEWLETT 
~e..PACKARD 


LINEAR 


OPTICAL INCREMENTAL 


ENCODER MODULE 


HEDS-9200 
SERIES 


• 
HIGH PERFORMANCE 


• 
HIGH RESOLUTION 


• 
LOW COST 


• 
EASY TO MOUNT 


• 
NO SIGNAL 
ADJUSTMENT 
REQUIRED 


• 
INSENSITIVE 
TO MECHANICAL 
DISTURBANCES 


• 
SMALL SIZE 


• 
-40°C 
TO 100°C OPERATING 
TEMPERATURE 


• 
TWO CHANNEL 
QUADRATURE 
OUTPUT 


• 
TTL COMPATIBLE 


• 
SINGLE 
5 V SUPPLY 


The 
HEDS-9200 
series 
is a high 
performance, 
low cost, 


optical 
incremental 
encoder 
module. 
When 
operated 
in 


conjunction 
with 
a codestrip, 
this 
module 
detects 
linear 
position. 
The module consists of a lensed LED source and 


a detector 
IC enclosed 
in a small C-shaped plastic package. 
Due to a highly collimated 
light source and a unique photo- 


detector array, the module is extremely tolerant to mounting 
misalignment. 


The two channel 
digital 
outputs 
and the single 5 V supply 
input 
are accessed 
through 
four 
0.025 inch 
square 
pins 
located on 0.1 inch centers. 


Note: Codestrip not included with HEDS-9200. 


Five standard 
resolutions 
between 
4.72 counts 
per mm 
(120 counts per inch) and 7.87 counts 
per mm (200 counts 


per 
inch) 
are 
available. 
Consult 
local 
Hewlett-Packard 


sales 
representatives 
for 
other 
resolutions 
ranging 
from 


1.5 to 7.87 counts per mm (40 to 200 counts 
per inch). 


The HEDS-9200 provides sophisticated 
motion detection 
at 


a low cost, 
making 
it ideal for high 
volume 
applications. 


Typical 
applications 
include 
printers, 
plotters, 
tape drives, 


and factory automation 
equipment. 


ESD 
WARNING: 
NORMAL 
HANDLING 
PRECAUTIONS 


SHOULD 
BE TAKEN 
TO AVOID 
STATIC 
DISCHARGE. 
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The 
HEDS-9200 
is a C-shaped 
emitter/detector 
module. 


Coupled 
with 
a codestrip 
it translates 
linear motion 
into a 
two-channel 
digital output. 


As seen in the block diagram, the module contains 
a single 
Light 
Emitting 
Diode (LED) as its light source. The light is 
collimated 
into a parallel 
beam by means of a single poly- 
carbonate 
lens located directly 
over the LED. Opposite 
the 
emitter 
is the integrated 
detector 
circuit. 
This IC consists of 
multiple 
sets of photodetectors 
and the signal 
processing 
circuitry 
necessary to produce the digital waveforms. 


The 
codestrip 
moves 
between 
the 
emitter 
and 
detector, 


causing 
the light 
beam to be interrupted 
by the pattern 
of 
spaces and bars on the codestrip. 
The photodiodes 
which 
detect 
these 
interruptions 
are arranged 
in a pattern 
that 


corresponds 
to the count 
density 
of the codestrip. 
These 
detectors 
are also spaced 
such that a light period 
on one 
pair 
of 
detectors 
corresponds 
to 
a dark 
period 
on 
the 
adjacent 
pair 
of 
detectors. 
The 
photodiode 
outputs 
are 
then fed through 
the signal processing 
circuitry 
resulting 
in 
A, A, Band 
B. Two comparators 
receive these signals and 
produce 
the final outputs 
for channels 
A and B. Due to this 


integrated 
phasing technique, 
the digital 
output 
of channel 
A is in quadrature 
with that of channel 
B (90 degrees out of 
phase). 


Count 
density 
(D): The number 
of bar and window 
pairs 
per unit length of the codestrip. 


Pitch: 1/0, The unit length per count. 


Electrical 
degree (0 e): Pitch/360, 
The dimension 
of one bar 
and window 
pair divided by 360. 


1 cycle (C): 360 electrical 
degrees, 1 bar and window 
pair. 


Pulse Width 
(P): The number 
of electrical 
degrees 
that an 
output 
is high during 
1 cycle. This value is nominally 
180° e 
or 1/2 cycle. 


Pulse Width Error (C1P):The deviation, 
in electrical 
degrees, 


of the pulse width from its ideal value of 180° e. 


State Width(S): 
The number of electrical 
degrees between a 
transition 
in the output 
of channel 
A and the neighboring 
transition 
in the output 
of channel 
B. There are 4 states per 
cycle, each nominally 
90° e. 


State Width Error (..I.S):The deviation, 
in electrical 
degrees, 


of each state width from its ideal value of 900e. 


Phase 
(cP): 
The number 
of electrical 
degrees 
between 
the 
center of the high state of channel 
A and the center of the 


high 
state of channel 
B. This value is nominally 
90° e for 
quadrature 
output. 


Phase Error 
(..I.cP): The deviation 
of the phase from 
its ideal 
value of 90° e. 


Direction 
of Movement: 
When the codestrip 
moves, relative 
to the module, 
in the direction 
of the arrow 
on top of the 
module, 
channel 
A will 
lead channel 
B. If the codestrip 
moves 
in 
the 
opposite 
direction, 
channel 
B 
will 
lead 
channel A. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Storage Temperature 
Ts 
-40 
100 
°C 


Operating 
Temperature 
TA 
-40 
100 
°C 


Supply 
Voltage 
Vcc 
-0.5 
7 
Volts 


Output 
Voltage 
Vo 
-06 
Vcc 
Volts 


Output 
Current 
per Channel 
10 
-1.0 
5 
mA 


• 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Temperature 
T 
-40 
100 
°C 


Supply 
Voltage 
Vee 
45 
5.5 
Volts 
Ripple < 100 m Vp-p 


Load Capacitance 
CL 
100 
pF 
3.2 Kll pull-up 
resistor 


Count 
Frequency 
f 
100 
kHz 
Velocity 
X D 


Note: 
The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 
Encoding Characteristics 


Encoding 
Characteristics 
over Recommended 
Operating 
Range and Recommended 
Mounting 
Tolerances. 
These 
charac- 
teristics 
do not include 
codestrip 
defects. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Pulse Width 
Error 
~P 
7 
35 
elec. deg. 


Logic 
State Width 
Error 
~S 
5 
35 
elec. deg 


Phase Error 
~<f> 
2 
13 
elec. deg. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Supply 
Current 
Ice 
17 
40 
mA 


High Level Output 
Voltage 
VOH 
2.4 
Volts 
IOH = -40 p.A Max. 


Low Level Output 
Voltage 
VOL 
0.4 
Volts 
IOL = 3.2 mA 


Rise Time 
tr 
200 
ns 
CL = 25 pF 


Fall Time 
tf 
50 
ns 
RL = 11 Kll pull-up 


MOUNTING 
B 


HRU HOLE 
ALIGNING 
I 
RECESS 
I 


I 
I 
t:30 
I 
I 
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~ 
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ALIGNING 
I \.THRU 
H0":.l 
RECESS 
I 
IOGL" 
C?OI 
t 
't 
/' 
w, r 
D tJJJ lJ 13 D~' 


STATIC 
CHARGE 
WARNING: 
LARGE 
STATIC 


CHARGE 
ON 
CODES 
TRIP 
MAY 
HARM 
MODULE. 


PREVENT 
ACCUMULATION 
OF CHARGE. 


Parameter 
Symbol 
Mounting 
Ref. Side A 
Mounting 
Ret. Side B 
Units 


Window/Bar 
Ratio 
Ww/Wb 
0.7 Min. 
1.4 Max. 
0.7 Min. 
1.4 Max. 


Mounting 
Distance 
L 
La :0; 0.51 (0.020) 
Lb 2: 3.23 (0.127) 
mm (inch) 


Codestrip 
edge to inside 


window 
edge 
W1 
W1:O; 0.53 (0.021) + La 
W1 :0; 427 
(0.168) - Lb 
mm (inch) 


Codestrip 
edge to outside 
window 
edge 
W2 
W22: 1.50 (0.059) + La 
W22: 523 
(0.206) - Lb 
mm (inch) 


ALIGNING 
BOSS 
0.76 (0.030) HIGH (MAX.) 
2.36 
(0.093) 
!.:O.025 (0.0011 
DIA. 
0.25 
(0.010) 
x 45 


0 
CHAMFER 
2 PLACES 


1 
-,...........-- 
MOUNTING 
THRU 
e.rl 
HOLES 


ARTWORK 
SIDE 


OF CODE~STAIP 
MOUNTING 
PLANE 


III 


MAX 
445 
(0 175) 
NOTE 
1 
CODESTRIP 


Notes: 
1. These dimensions 
include codestrip 
warp. 
2. Reference definitions 
of La and Lb on page 3. 


3. Maximum 
recommended 
mounting 
screw torque 
is 4 kg-cm 
(3.5 in-Ibs). 


Manufacturer 
Part Number 
Mounting 
Surface 


103686-4 
Both 
AMP 
640442-5 
Side B 


65039-032 
with 
DuPont 
4825X-000 
term. 
Both 


HEDS-8902 
with 
HP 
4-wire 
leads 
Side B 


2695 series 
with 
Molex 
2759 series 
term. 
Side B 


CODESTAIP 
~ATWOAK 
SIDE 
OF CODESTRIP 


~:~~ :~:~~~: 
NOTE 
1 
~ 


~," 


MOUNTING 
PLANE I 
.-.. 


HEDS-9200 
Option 
I 
I 
I 


I 


RESOLUTION 
PITCH 
Counts 
per mm (inch) 
mm (inch) 
per count 


LOO - 4.72 (120) 
0.212 
(0.0083) 
MOO - 5.00 
(127) 
0.200 
(0.0079) 
POO - 5.91 (150) 
0.169 
(0.0067) 
000 
- 7.09 (180) 
10.141 
(0.0056) 
ROO - 7.87 (200) 
0.127 
(0.0050) 
300 - 11.81 (300) * 
0.085 
(0.0033)* 
360 -14.17 
(360)* 
0.071 
(0.0028)* 


Consult 
local Hewlett-Packard 
sales 
representatives 
for other 
resolutions. 


* Please 
refer to separate 
Extended 
Resolution 
D/S for 
detailed 
information. 
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Three Channel Optical 
Incremental Encoder Modules 


Features 
• Two Channel Quadrature 


Output with Index Pulse 


• Resolution 
Up to 1024 
Counts Per Revolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 
Required 
• Small Size 
• -40°C to100°C Operating 


Temperature 


• TTL Compatible 
• Single 5 V Supply 


Description 
The HEDS-9040 and HEDS- 
9140 series are three channel 
optical incremental 
encoder 
modules. When used with a 
codewheel, these low cost 
modules detect rotary position. 
Each module consists of a 
lensed LED source and a 
detector Ie enclosed in a small 
plastic package. Due to a highly 
collimated light source and a 
unique photodetector array, 
these modules provide the same 


HEDS-9040 
HEDS-9140 


high performance found in the 
HEDS-9000/9100 two channel 
encoder family. 


ALIGNING 
RECESS 
2.4412.410IA. 
10.096/0.095) 
2.16 (0.085) 
1.95 (0.0731- 


DEEP 
8.64 (0.340) REF. 


2.44/2.41 
X2.78 


(0096/0095 
X 01101 


2.16 (0.085) DEEP 


The HEDS-9040 and 9140 have 
two channel quadrature 
outputs 
plus a third channel index 
output. This index output is a 
90 electrical degree high true 
index pulse which is generated 
once for each full rotation of the 
codewheel. 


The HEDS-9040 is designed for 
use with a HEDS-6140 code- 
wheel which has an optical 
radius of23.36 mm (0.920 inch). 
The HEDS-9140 is designed for 
use with a HEDS-5140 code- 
wheel which has an optical 
radius of 11.00 mm (0.433 inch). 


The quadrature 
signals and the 
index pulse are accessed 
through five 0.025 inch square 
pins located on 0.1 inch centers. 


Standard 
resolutions between 
256 and 1024 counts per revolu- 
tion are available. Consult local 
Hewlett-Packard 
sales repre- 
sentatives 
for other resolutions. 


Applications 
The HEDS-9040 and 9140 
provide sophisticated 
motion 
control detection at a low cost, 
making then ideal for high 
volume applications. Typical 
applications include printers, 
plotters, tape drives, and 
industrial 
and factory 
automation 
equipment. 


Theory of Operation 
The HEDS-9040 and 9140 are 
emitter/detector 
modules. 
Coupled with a codewheel, these 
modules translate 
the rotary 
motion of a shaft into a three- 
channel digital output. 


As seen in the block diagram, 
the modules contain a single 
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Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated 
detector circuit. 


This IC consists of multiple sets 
of photo detectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern 
of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions 
are arranged in a 
pattern 
that corresponds to the 
radius and design ofthe 
codewheel. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are 
then fed through the signal 
pr~essi~ 
circuip-y resulting in 
A, A, B, B, I and 1. Comparators 
receive these signals and 


produce the final outputs for 
channels A and B. Due to this 
integrated 
phasing technique, 
the digital output of channel A 
is in quadrature 
with that of 
channel B (90 degrees out of 
phase). 


The output of the comparator 
for I andlis 
sent to the index 
processing circuitry along with 
the outputs of channels A and 
B. The final output of channel I 
is an index pulse Po which is 
generated 
once for each full 
rotation ofthe codewheel. This 
output Po is a one state width 
(nominally 90 electrical 
degrees), high true index pulse 
which is coincident with the low 
states of channels A and B. 


I 


Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) ofthe 
codewheel. 


One Cycle (C): 360 electrical 
degrees (Oe),1 bar and window 
pair. 


One Shaft Rotation: 
360 
mechanical degrees, N cycles. 


Position Error ( Ll8): The 
normalized angular difference 
between the actual shaft 
position and the position 
indicated by the encoder cycle 
count. 


Cycle Error ( LlC):An indication 
of cycle uniformity. The differ- 


-2.4V 


______ 
-.....:;.O.4~H.1 


ence between an observed shaft 
angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of l!N of a 
revolution. 


Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This 
value is nominally 1800e or 1/2 
cycle. 


Pulse Width Error (M): 
The 
deviation, in electrical degrees, 
ofthe pulse width from its ideal 
value of 180oe. 


State Width (S): The number of 
electrical degrees between a 
transition 
in the output of 


channel A and the neighboring 
transition 
in the output of 


Absolute Maximum Ratings 
Storage Temperature, 
Ts 
-40°C to 100°C 
Operating Temperature, 
TA •••••••••••••••••••••••••••••••••••••••••• 
-40°C to 100°C 
Supply Voltage, Vcc 
-0.5 V to 7 V 
Output Voltage, Vo 
-0.5 V to V 
Output Current per Channel, IOUT 
-l.O mA to 5 mA 
Shaft Axial PI.a~ 
±0.25 mm (±0.010 in.) 
Shaft. EccentrICIty Plus Radial Play 
0.1 mm (0.004 in.) TIR 


VelocIty 
30,000 RPM[I] 
Acceleration 
250,000 rad/sec2[Jj 


Note: 
1. Absolute 
maximums 
for HEDS·5140!6140 
codewheels 
only. 


channel B. There are 4 states 
per cycle, each nominally 900e. 


State Width Error (LlS): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 90oe. 


Phase ($): The number of 
electrical degrees between the 
center ofthe high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 900e for 
quadrature 
output. 


Phase Error (Ll$):The deviation 
of the phase from its ideal value 
of90oe. 


Direction of Rotation: 
When the 


codewheel rotates in the 
direction of the arrow on top of 
the module, channel A will lead 
channel B. Ifthe codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 


Optical Radius 
(RopY: The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) ofthe encoder 
module. 


Index Pulse Width (PoJ: The 
number of electrical degrees 
that an index is high during one 
full shaft rotation. This value is 
nominally 900e or 1/4 cycle. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Temperature 
TA 
-40 
100 
°C 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
Volts 
Ripple < 100 mVpop 


Load Capacitance 
CL 
100 
pF 
2.7 kQ pull-up 


Count Frequency 
f 
100 
kHz 
Velocity (rpm) x N/60 


Shaft Perpendicularity 
±0.25 
mm 
6.9 mm (0.27 in.) from 
Plus Axial Play 
(±0.010) 
(in.) 
mounting 
surface 


Shaft Eccentricity 
Plus 
0.04 
mm(in.) 
6.9 mm (0.27 in.) from 
Radial Play 
(0.0015) 
TIR 
mounting 
surface 


Encoding Characteristics 
Encoding Characteristics 
over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation ofHEDS-5140 
and 


HEDS-6140 codewheels. 


Parameter 
Symbol 
Min. 
Typ.* 
Max. 
Units 


Cycle Error 
~C 
3 
5.5 
°e 


Pulse Width Error 
~P 
7 
30 
°e 


Logic State Width Error 
~S 
5 
30 
°e 


Phase Error 
~<l> 
2 
15 
°e 


Position Error 
~e 
10 
40 
min. of arc 


Index Pulse Width 
Po 
60 
90 
120 
°e 


CH. I rise after 
-25°C to +100°C 
t1 
10 
100 
250 
ns 
CH. B or CH. A fall 
-40°C to +100°C 
t1 
-300 
100 
250 
ns 


CH. I fall after 
-25°C to +100°C 
t2 
70 
150 
300 
ns 
CH. A or CH. B rise 
-40°C to +100°C 
t2 
70 
150 
1000 
ns 


Notc: Module mounted 
on tolerance 
circle of ±O.13 mm (±0.005 in.) radius referenced 
from modulc Side A aligning rceess 
cenlers. 
2.7 kQ pull-up resistors 
used on all encoder module oUlputs. 


Electrical Characteristics 
Electrical Characteristics 
over Recommended Operating Range. 


Parameter 
Symbol 
Min. 
Typ.* 
Max. 
Units 
Notes 


Supply Current 
Ice 
30 
57 
85 
mA 


HiGh Level Output Voltage 
Vall 
2.4 
V 
lOll= -200 ~ 
max. 


Low Level Output Voltage 
VOL 
0.4 
V 
IOL= 3.86 mA 


Rise Time 
t, 
180 
ns 
CL= 25 pF 
RL= 2.7 kQ pull-up 
Fall Time 
tf 
40 
ns 


• 
.-.- 


Part 
No. 
Parameter 
Dimension 
Tolerance 
Units 


HEDS-6140 
Codewheel 
4 
6 
8 
+0.000 
mm 
23.36 mm 
Available to Fit 
-0.015 
optical radius 
These Standard 
3/16 
1/4 
5/16 
+0.000 
in 
codewheel 
Shaft Diameters 
3/8 
1/2 
5/8 
-0.0007 
Moment of Inertia 
7.7 (l10 x 10-6) 
g-cm2 (oz-in-s2) 


HEDS-5140 
Codewheel 
2 
3 
4 
+0.000 
mm 
11.00 mm 
Available to Fit 
5- 6 
8 
-0.015 
optical radius 
These Standard 
5/32 
1/8 
+0.000 
in 
codewheel 
Shaft Diameters 
3/16 
1/4 
-0.0007 
Moment of Inertia 
0.6 (8.0 x 10-6) 
g-cm2 (oz-in-s2) 


Electrical Interface 
To insure reliable encoding 
performance, the HEDS-9040 
and 9140 three channel encoder 
modules require 2.7 kQ (±10%) 
pull-up resistors on output pins 
2, 3, and 5 (Channels I, A and 
B) as shown in Figure 1. These 
pull-up resistors 
should be 


located as close to the encoder 
module as possible (within 4 
feet). Each of the three encoder 
module outputs can drive a 
single TTL load in this 
configuration. 


Mounting 
Considera tions 
Figure 2 shows a mounting 
tolerance requirement 
for proper 
operation of the HEDS-9040 
and HEDS-9140. The Aligning 
Recess Centers must be located 
within a tolerance circle of 0.005 
in. radius from the nominal 
locations. This tolerance must 
be maintained 
whether the 


module is mounted with side A 
as the mounting plane using 
aligning pins (see Figure 5), or 
mounted with Side B as the 
mounting plane using an 
alignment tool (see Figures 3 
and 4). 
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Mounting with an 
Alignment Tool 
The HEDS-8905 and HEDS- 
8906 alignment 
tools are 
recommended for mounting the 
modules with Side B as the 
mounting plane. The HEDS- 
8905 is used to mount the 
HEDS-9140, and the HEDS- 
8906 is used to mount the 
HEDS-9040. These tools fix the 
module position using the 
codewheel hub as a reference. 
They will not work if Side A is 
used as the mounting plane. 


The following assembly 
procedure uses the HEDS-8905/ 
8906 alignment 
tool to mount a 
HEDS-9140/9040 module and a 
HEDS-5140/6140 codewheel: 


Instructions: 
1. Place codewheel on shaft. 


2. Set codewheel height: (a) 
place alignment tool on motor 
base (pins facing up) flush up 


against the motor shaft as 
shown in Figure 3. (b) Push 
codewheel down against 
alignment tool. The codewheel 
is now at the proper height. (c) 
Tighten codewheel setscrew and 
remove alignment tool. 


Some motors have a boss 
around the shaft that extends 
above the mounting plane. In 
this case, the alignment tool 
cannot be used as a gage block 
to set the codewheel height as 
described in 2(a), (b), and (c). 
If boss is above mounting 
plane: 


Slide module onto motor base, 
adjusting height of codewheel so 
that it sits approximately 
in the 
middle of module slot. Lightly 
tighten setscrew. The codewheel 
height will be more precisely set 
in step 5. 


3. Insert mounting screws 
through module and thread into 
the motor base. Do not tighten 
screws. 


ALIGNMENT 
TOOL 


~ 


ALIGNMENT 
TOOL 


COOEWHEE:'~ 
I~r- 


6,08 (0.240) 
6.90 (0.272) 


NOTE' 


4. Slide alignment 
tool over 
codewheel hub and onto module 
as shown in Figure 4. The pins 
ofthe alignment tool should fit 
snugly inside the alignment 
recesses of the module. 


If boss is above mounting 
plane: 


The pins of the tool may not 
mate properly because the 
codewheel is too high on the 
shaft. Loosen codewheel 
setscrew and lower codewheel 
slightly. Retighten 
setscrew 
lightly and attempt 
this step 
again. 


5. While holding alignment 
tool 
in place, tighten screws down to 
secure module. 


If boss is above mounting 
plane: 
Push codewheel up flush 
against alignment 
tool to set 
codewheel height. Tighten 
codewheel setscrew. 


ALIGNING 
RECESSES 


MODULE SIDE A 
/' 


Figure 
4. Alignment 
Tool is Placed 
over Shaft and onto 
Codewheel 
Hub. Alignment 
Tool Pins Mate with 
Aligning Recesses 
on Module. 
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Mounting with Aligning 
Pins 
The HEDS-9040 and HEDS- 
9140 can also be mounted using 
aligning pins on the motor base. 


(Hewlett-Packard 
does not 
provide aligning pins.) For this 
configuration, Side A must be 
used as the mounting plane. 
The aligning recess centers 


must be located within the 
0.005 in. Radius Tolerance 
Circle as explained in 
"Mounting Considerations." 
Figure 5 shows the necessary 
dimensions. 
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INDEX 
PULSE 
REFERENCE 
MARKER 


Manufacturer 
Part Number 
Mounting Surface 


AMP 
103686-4 
Both 


640442-5 
Side B 


DuPont 
65039-032 with 
Both 


4825X-000 term. 


HP 
HEDS-8903 
Side B 


with 5-wire leads 
(see Figure 8) 


Molex 
2695 series with 
Side B 


2759 series term. 


~ 
r-3" 
10.12±004, 
~I~_:I~_ 
=~_=~_=~_=~_=~_=~_=~_~ 


5.010.20ll 


7.1 "0,0/- 
O.3l0.28 
+ 0,00/-0.01) 


I 
Lf 
1-1-===== 


: 
~62 
1--1;;~9'Lr 
(0.182) 


18.0 
10.71) 


PIN NUMBER 
j COLOR 


1 
BLACK 
2 
BLUE 


3 
WHITE 
4 
REO 


5 
BROWN 


PARAMETER1~ 


GROUND 
CHANNEL 
I 


CHANNEL 
A 


V" 


CHANNel 
B 


HED5-9040 
OR 
HEDS-9140 


CH.A 


CH.B 


CH.I 


HP 
HCTL-2016/2020 
QUADRATURE 
DECODERI 
COUNTER 


CH.A 
HP 
HEDS-9040 
HCTL-l100 
HOST 
OR 
CH.B 


HEDS-9140 
MOTION 
PROCESSOR 


CH.I 
CONTROL IC 


• 
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Resolution 
(CycleslRev) 


B -1000 CPR 
J -1024 CPR 
05 - 3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 


11- 4 mm 
12 - 6 mm 
13 - 8 mm 


Resolution 
(CycleslRev) 


F - 256 CPR 
G- 360 CPR 
A- 500 CPR 
1- 512 CPR 


HEDS-8905 
Alignment 
Tool for mounting 
the HEDS-9140. 


HEDS-8906 
Alignment 
Tool for Mounting 
the HEDS-9040. 


01- 2 mm 
02 - 3 mm 
03 - 1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 - 1/4 in. 


11- 4mm 
14 - 5 mm 
12 - 6 mm 
13 - 8 mm 


Small Optical Encoder 
Module 


Features 
• Small Size 
• Low Cost 
• Multiple Mounting 
Options 
• Wide Resolution 
Range 
• Linear and Rotary Options 
Available 
• No Signal Adjustment 
Required 
• Insensitive 
to Radial and 
Axial Play 
• -40°C to +85°C Operating 
Temperature 


HEWLETT 
PACKARD 
• 
.-.. 


• Two Channel Quadrature 
Output 
• TTL Compatible 
• Single 5V Supply 
• Wave Solderable 


Description 
The HEDS-9700 series is a high 
performance, low cost, optical 
incremental 
encoder module. 


When operated in conjunction 
with either a codewheel or 
codestrip, this module detects 
rotary or linear position. The 


DIMENSIONS 
ARE 
MI~~~~~~RES 


LEAD 
THICKNESS: 
O~02150 


module consists of a lensed LED 
source and a detector IC 
enclosed in a small C-shaped 
plastic package. Due to a highly 
collimated light source and a 
unique photodetector array, the 
module is extremely tolerant to 
mounting misalignment. 


The two channel digital outputs 
and 5V supply input are 
accessed through four solder- 
plated leads located on 2.54 mm 


CO. 1 inch) centers. 


The standard 
HEDS-9700 is 
designed for use with an 11 mm 
optical radius codewheel, o.r 
linear codestrip. Other options 
are available. Please contact 
factory for more information. 


Applications 
The HEDS-9700 provides 
sophisticated 
motion detection 
at a low cost, making closed- 
loop control very cost- 
competitive! Typical 


I 
'--------~ 
EMITTER 
SECTION 


applications include printers, 
plotters, copiers, and office 
automation equipment. 


Theory of Operation 
The HEDS-9700 is a C-shaped 
emitter/detector 
module. 
Coupled with a codewheel, it 
translates 
rotary motion into a 
two-channel digital output. 
Coupled with a codestrip, it 
translates 
linear motion into a 
digital output. 


As seen in the block diagram, 
the module contains a single 
Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single lens 
located directly over the LED. 
Opposite the emitter is t~e 
. 


integrated 
detector cirCUIt.ThIS 
IC consists of multiple sets of 
photodetectors and the signal 
processing circuitry necessary 
to produce the digital 
waveforms. 
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CODE 
DETECTOR 
SECTION 
WHEEL 


The codewheel/codestrip moves 
between the emitter and 
detector, causing the light beam 
to be interrupted 
by the pattern 


of spaces and bars on the 
codewheel/codestrip. The 
photodiodes which detect th.ese 
interruptions 
are arranged In a 


pattern that corresponds to the 
radius and count density of the 
codewheel/codestrip. These 
detectors are also spaced such 
that a light period on one pair of 
detectors corresponds to a dark 
period on the adjacent pair of 
detectors. The photodiode 
outputs are fed through the 
signal processing circuitry. Two 
comparators receive these 
signals and produce the final 
outputs for channels A and B. 
Due to this integrated 
phasing 


technique, the digital output ?f 
channel A is in quadrature 
WIth 


channel B (90 degrees out of 
phase). 


Definitions 
Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) ofthe 
codewheel, or the number of 
lines per inch of the codestrip 
(LPI). 


Pulse Width (P): The number of 
electrical degrees that an 
output is high during one cycle. 
This value is nominally 1800e or 
1J2cycle. 


Pulse Width Error (~P): The 
deviation, in electrical degrees, 
ofthe pulse width from its ideal 
value of 180oe. 


1 Shaft Rotation = 360 
mechanical 
degrees 
= N cycles 
1 cycle (c) = 360 electrical 
degrees (Oe) 
= 1 bar and 
window pair 


State Width (S): The number of 
electrical degrees between a 
transition 
in the output of 


Parameter 
Symbol 
Min. 
Max. Units 
Notes 


Storage Temperature 
Ts 
-40 
85 
°C 
See Note 


Operating 
TA 
-40 
85 
°C 
See Note 
Temperature 


Supply Voltage 
Vcc 
-0.5 
7 
V 


Output Voltage 
Vo 
-0.5 
Vcc 
V 


Output Current per 
10 
-1.0 
5 
mA 
Channel 


Soldering Temperature 
260 
°C 
t ~ 5 sec. 


channel A and the neighboring 
transition 
in the output of 
channel B. There are 4 states 
per cycle, each nominally 90oe. 


State Width Error (~S): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 90oe. 


Phase (ep): The number of 
electrical degrees between the 
center ofthe high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 90 


0e for, 


quadrature 
output. 


Phase Error (~ep): The deviation 
ofthe phase from its ideal value 
of90oe. 


Direction of Rotation: When the 
codewheel rotates 
counterclockwise, as viewed 
looking down on the module (so 
the marking is visible), channel 
A will lead channel B. If the 
codewheel rotates in the 
opposite direction, channel B 
will lead channel A. 


Optical Radius (Rop): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 
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Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Temperature 
T 
-40 
85 
°C 


Supply Voltage 
Vee 
4.5 
5.5 
V 
Ripple < 100 mVp-p 


Load Capacitance 
CL 
100 
pF 
3.2 kQ pull-up 


Count Frequency 
20 
kHz 
(Velocity (rpm) x N)/60 


Encoding Characteristics 
Encoding Characteristics 
over Recommended Operating Range and Recommended Mounting 
Tolerances. These characteristics 
do not include codewheel/codestrip 
contributions. 


Case 1 
Case 2 
Parameter 
Symbol 
Typ. 
Max. 
Max. 
Units 
Notes 


Pulse Width Error 
tiP 
7 
30 
40 
°e 


Logic State Width Error 
tiS 
5 
30 
40 
°e 


Phase Error 
ti$ 
2 
10 
15 
°e 


Case 1: Module mounted on tolerances of±0.13 mm (0.005"). Case 2: Module mounted on tolerances 
of 


±0.25 mm (0.010") 
Note: See Figures in Mounting 
Considerations 
for details on Case 1 and Case 2 mounting tolerances. 


Electrical Characteristics 
Electrical Characteristics 
over Recommended Operating Range, Typical at 25°C. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Supply Current 
Ice 
17 
40 
mA 


High Level Output Voltage 
VOH 
2:4 
V 
IOH= -40)lA 


Low Level Output Voltage 
VOL 
0.4 
V 
IOL= 3.2 mA 


Rise Time 
t, 
200 
ns 
CL= 25 pF, ~ = 11 kQ 


Fall Time 
tr 
50 
ns 
CL= 25 pF, ~ 
= 11 kQ 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Window/Bar Ratio 
WwfWb 
0.7 
1.4 


Window Length (Rotary) 
Lw 
1.80 
2.30 
mm 
(0.071) 
(0.091) 
(inch) 


Absolute Maximum Codewheel 
Rc 
Rop + 3.40 
mm 
Includes eccen- 
Radius (Rotary) 
(Rop + 0.134) 
(inch) 
tricityerrors 


Center of Post to Inside 
WI 
1.04 
mm 
Edge of Window 
(0.041) 
(inch) 


Center of Post to Outside 
W2 
0.76 
mm 
Edge of Window 
(0.030) 
(inch) 


Center of Post to Inside Edge 
L 
3.60 
mm 
of Codestrip 
(0.142) 
(inch) 
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Mounting 
Tolerances 
Case 1 and Case 2 specify the mounting tolerances required on Rm in order to achieve the respective 
encoding characteristics 
shown on page 4. The mounting tolerances are as follows: 


Case 1: Rm ± 0.13 mm (.005 inches) 
Case 2: Rm ± 0.25 mm (.010 inches) 


Wave Solder Conditions 
Flux -RMA Water Soluble (per 
MIL-F-14256D) 


Process Parameters 
1. Flux 
2. Pre-heat 
60 seconds total 
PCB top side @ 230°C 
PCB bottom side @ 260°C 


3. Wave solder 255°C, 1.2 
meters/min 
line speed 
4. Hot Water Wash 
1st: 30°C 45 seconds 
2nd: 70°C 90 seconds 
5. Rinse 
1st: 23°C 45 seconds 
2nd: 23°C 45 seconds 
6. Dry 
1st: 80°C 105 seconds 
2nd: 95°C 105 seconds 
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Lead Bend 
o - Straight 
Leads 
1 - Bent Leads 


Resolution 
Options 
(11 mm optical radius, Rop) 
K- 
96 CPR 
C- 
100CPR 
D- 
192 CPR 
E- 
200 CPR 
F- 
256 CPR 
G- 
360 CPR 
H- 
400 CPR 
(Linear) 
L- 
120 LPI 
M-127 
LPI 
P- 
150 LPI 


Contact Factory for Other 
Resolution 
Options 


Mounting 
Options 


50 - Standard 
51- 
Rounded 
Outline 


52 - Backplane 
53 - Standard 
wlPosts 


54 - Tabless 
55 - Backplane 
wlPosts 


rh~HEWLETT 
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Two and Three Channel 
Codewheels for Use with HP 
Optical Encoder Modules 


Features: 
• Codewheels 
Available 
in 
Glass, Film, and Metal 
• Available 
in Two Standard 
Diameters 
• Cost Effective 
• Resolutions 
From 96 CPR 
to 2048 CPR 
• For Use With HEDS-9000/ 
9100 Series Two and Three 
Channel 
Encoders 


Description 
Hewlett-Packard 
offers a wide 


variety 
of codewheels 
for use 


with Hewlett 
Packard 
HEDS- 
9000, HEDS-9100, 
HEDS-9040, 


and HEDS-9140 
series Encoder 
Modules. 
Designed for many 


environments, 
applications, 
and 


budgets, 
HP codewheels 
are 
available 
in Glass, Film, and 
Metal. These codewheels 
are 
available 
in resolutions 
from 96 


Counts Per Revolution 
(CPR) to 


1024 CPR on a 28 mm diameter 
and 500 to 2048 CPR on a 
' 
56 mm diameter. 


HEDS-51X0I61XO Series 
~ 
HEDG·512016120 
¥ HEDM·5120/6120 


Each of the three code wheel 
materials 
offers a certain 
advantage. 
Metal codewheels 
are the most versatile, 
with a 
temperature 
rating 
up to 100°C, 
resolution 
to 512 CPR (28 mm 
diameter), 
as well as 2 and 3 
channel 
outputs. 
Film code- 
wheels offer higher resolution 
(up to 1024 CPR on a 28 mm 
diameter) 
with an operating 
temperature 
of 70°C. Glass 
codewheels 
combine the best of 
film and metal, offering a 
temperature 
rating 
of 100°C 
and resolutions 
to 1024 CPR on 
a 28 mm diameter. 


In addition, 
each material 
offers 
a specific reliability 
rating. 
It is 
important 
to consider the 
specific application 
operating 
environment, 
long term 
operating 
conditions, 
and 
temperature 
ranges 
when 
choosing a codewheel 
material. 


Also See: 
• HEDS-9000IHEDS-9100 
Encoder Module Data Sheet 
• HEDS-9000/9100/9200 


Extended 
Resolution 
Encoder 
Module Data Sheet 


• HEDS-9040/9140 
Three 


Channel 
Encoder Module 
Data Sheet 
• HEDS-9700 
Small Encoder 
Module Data Sheet. 
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Absolute Maximum 
Ratings 
It is important 
to consider the 
environment 
in which the 
codewheels 
will be used when 
selecting 
a codewheel material. 


In brief, metal codewheels 
are 


rugged, but do not offer higher 
resolution 
capabilities. 
Film 
codewheels 
allow higher 
resolution, 
but cannot endure 
the same temperatures 
and 
high humidity 
as metal. Glass 


codewheels 
offer both high 
temperature 
and higher 
resolution, 
but are also more 
expensive. 
Consider 
the 
following rating 
table when 
choosing a codewheel material. 


HEDS-XXXX 
HEDM·XXXX 
HEDG-XXXX 
Parameter 
Symbol 
Metal 
Codewheels 
Film 
Codewheels 
Glass 
Codewheels 


Storage 
Ts 
-40°C to +100°C 
-40°C to +70°C 
-40°C to +100°C 
Temperature 


Operating 
TA 
-40°C to +100°C 
-40°C to +70°C 
-40°C to +100°C 
Temperature 


Humidity 
non condensing 


Velocity 
30,OOORPM 
30,000RPM 
12,000RPM 


Shaft Axial Play 
±0.25 mm 
±0.175 mm 
±0.175mm 
(±0.010 in) 
", 
(±0.007 in) 
(±0.007 in) 


Shaft Eccentricity 
±O.lmm 
±0.04mm 
±0.04mm 
Plus Radial Play 
(±0.004 in) TIR 
(±0.0015 in) TIR 
(±0.0015 in) TIR 


Acceleration 
250,000 Rad/Sec2 
250,000 Rad/Sec2 
100,000 Rad/Sec2 


HEDS-XXXX 
HEDM-XXXX 
HEDG-XXXX 
Parameter 
Metal 
Codewheels 
Film 
Codewheels 
Glass 
Codewheels 


Maximum 
Count Frequency 
100kHz 
200 kHz 
200 kHz 


Shaft Plus Axial Play 
±0.25 mm 
±0.175 mm 
±0.175 mm 
(±0.01O in) 
(±0.007 in) 
(±0.007 in) 


Shaft Eccentricity 
Plus 
±0.1 mm 
±0.04 mm 
±0.04mm 
Radial Play 
(±0.004 in) TIR 
(±0.0015 in) TIR 
(±0.0015 in) TIR 


Note: lIP Encoder 
Modules 
are guaranteed 
to 100 kHz, but can operate 
at higher 
frequencies. 
See Encoder 
Module Data Sheet 
for specifications 
and output 
load recommendations. 


Encoding 
Characteristics 
Encoding characteristics 
over 
recommended 
operating range 


and recommended mounting 
tolerances unless otherwise 
specified. Values are for worst 
error over a full rotation. Please 


refer to Encoder Module Data 
Sheet for definitions of 
Encoding characteristics. 


Part 
Number 
Description 
Symbol 
Min. 
Typ. 
Max. 
Units 


HEDS-512X 
Cycle Error 
t.C 
3 
5.5 
°e 
Position Error 
t.a 
10 
40 
min. of arc 


HEDS-61XX 
Cycle Error 
t.C 
3 
5.5 
°e 
Position Error 
t.a 
7 
20 
min. of are 


HEDM-512X 
Cycle Error 
t.C 
3 
7.5 
°e 
Position Error 
t.a 
4 
40 
min. of arc 


HEDM-612X 
Cycle Error 
t.C 
3 
7.5 
°e 
Position Error 
t.a 
2 
20 
min. of arc 


HEDG-512X 
Cycle Error 
t.C 
3 
7.5 
°e 
Position Error 
t.a 
. 
4 
30 
min. of are 


HEDG-612X 
Cycle Error 
t.C 
3 
7.5 
°e 
Position Error 
t.a 
2 
15 
min. of arc 


Reliability 
In addition to the absolute 
maximum specifications of 
codewheels, the environment 
characteristics 
of the applica- 


tion are also important. 
For 
example, consistent, large tem- 
perature 
swings over the life of 
the product will affect the code- 
wheel performance character- 


istics depending on the material. 
The following reliability table 
shows results oflifetests 
under 
varying conditions of temperature 
and humidity. 


Test 
Duration 
Number 
of Parts 
Number 
of Failures 


Storage at 100°C 
1000 hours 
44 
0 


Rotating at 100°C 
500 hours 
10 
, 
0 


Temperature 
Cycle: -40°C to +lOO°C 
500 cycles 
98 
0 


Temperature/Humidity: 
85°C/85 % R.H. 
500 hours 
43 
, 
0 


Test 
Duration 
Number 
of Parts 
Number 
of Failures 


Storage at 70°C 
1000 hours 
118 
0 


Rotating at 70°C 
500 hours 
10 
0 


Temperature 
Cycle: -40°C to +70°C 
500 cycles 
66 
0 


Temperature 
Cycle: +20°C to +40°C 
1000 cycles 
64 
0 


Temperature 
Cycle: +20°C to +55°C 
1000 cycles 
46 
0 


Temperature 
Cycle: +20°C to +70°C 
500 cycles 
50 
0 
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Mounting Rotary 
Encoders with 
Codewheels 
There are two orientations 
for 
mounting 
the HP encoder 


module and HP codewheel. 
Figure 
1a shows mounting 
the 
module with side A as the 
mounting 
plane. Figure 
1b 


shows mounting 
the module 


with side B as the mounting 
plane. When assembling 
the 
encoder and codewheel, it is 
important 
to maintain 
the 
tolerances 
of Side A of the 
module, and the image side of 
the codewheel. 


Mounting with Module 
Side A as the Mounting 
Plane 
Mounting 
a high resolution 
or 
three channel 
encoder with 
Module Side A as the mounting 
plane requires 
alignment 
pins 
in the motor base. These 
alignment 
pins provide the 
necessary 
centering 
of the 
module with respect to the 
center of the motor shaft. In 
addition 
to centering, 
the 
codewheel gap is also important. 
Please refer to the respective 
encoder data sheet for necessary 
mounting 
information. 


Mounting with Module 
Side B as the Mounting 
Plane, using HP 
Assembly Tools 
When mounting 
the encoder 
module with an HP codewheel 
using the Module Side B as the 
mounting 
plane, HP offers 
assembly 
tools for centering 
and 
gap setting. 


The HEDS-8905 
and HEDS- 


8906 are alignment/centering 
tools available 
for the high 


resolution 
and three 
channel 
encoder modules. 
The HEDS- 


8901 and HEDS-8932 
are gap 
setting 
shims used to set the 
codewheel gap in the encoder 
module. Please refer to the 
selection guide in this data 
sheet to choose the correct 
assembly 
tools. Also note that 
these tools are only useful when 
using Side B of the encoder 
module as the mounting 
plane. 


Assembly Instructions 
Using HP Assembly 
Tools 
Instructions 
1. Place codewheel 
on shaft. 
2. Set codewheel height: 
(a) Place HEDS-890! 
or 
HEDS-8932 
gap setting 
shim 
on motor base flush up 
against 
the motor shaft as 
shown in Figure 2. The shim 
has two different 
size steps, 
choose the one that most 
closely matches 
the width of 
the codewheel boss. The shim 


should not contact the 
codewheel boss. 
(b) Push codewheel down 
against 
gap setting 
shim. 
The codewheel is now at the 
proper height. 
(c) Tighten 
codewheel 
setscrew. 


3. Insert 
mounting 
screws 
through 
module and thread 
into the motor base. Do not 
tighten 
screws. 


CENTERING 
TOOL 


COD~ 


4. Slide the HEDS-8905 
or 
HEDS-8906 
centering 
tool 
over codewheel hub and onto 
module as shown in Figure 3. 
The pins of the alignment 
tool should fit snugly inside 
the alignment 
recesses 
of the 
module. 
5. While holding alignment 
tool 
in place, tighten 
screws down 
to secure module. 
6. Remove alignment 
tools. 


Figure 3.Alignment Tool is Placed over Shaft and 
onto Codewheel Hub. Alignment Tool Pins Mate 
with Aligning Recesses on Module. 
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Selection Guide 
Use the following selection 
guide to choose the necessary 
codewheel and assembly 
tools 


for the appropriate 
HP encoder 
module. 


Codewheel 
Optical 
For Use with 
HP 
Centering 
Gap-Setting 
Part 
Number 
Material 
Radius 
Encoder 
Module 
Tool 
Shim 


HEDS-5120#XXX 
Metal 
Rop = 11 mm 
HEDS-9100#XXX 
HEDS-8905[l] 
HEDS-8901[l] 
(96 to 512 CPR) 


HEDS-5140#XXX 
Metal 
Rop = 11 mm 
HEDS-9140#XXX 
HEDS-8905[21 
HEDS-8905[21 
(96 to 512 CPR) 


HEDM-5120#XXX 
Film 
Rop = 11 mm 
HEDS-9100#XXX 
HEDS-8905 
HEDS-8901 
(1000 to 1024 CPR) 


HEDG-5120#XXX 
Glass 
Rop = 11 mm 
HEDS-9100#XXX 
HEDS-8905 
HEDS-8932 
(1000 to 1024 CPR) 


HEDS-6100#XXX 
Metal 
Rop = 23 mm 
HEDS-9000#XXX 
HEDS-8906[11 
HEDS-8901[l1 


(500 to 1000 CPR) 


HEDS-6140#XXX 
Metal 
Rop = 23 mm 
HEDS-9040#XXX 
HEDS-8906[21 
HEDS-8906[21 
(1000,1024 CPR) 


HEDM-6120#XXX 
Film 
Rop = 23 mm 
HEDS-9000#XXX 
HEDS-8906 
HEDS-8901 
(2000,2048 CPR) 


HEDG-6120#XXX 
Glass 
Rop = 23 mm 
HEDS-9000#XXX 
HEDS-8906 
HEDS-8932 
(2000,2048 CPR) 


Notes: 
1. For the lower resolution. 
two channel 
encoders. 
the centering 
tool and gap-setting 
shim are not necessary. 
but sometimes 
helpful 
in an assembly 
process. 


2. For the three 
channel 
modules 
(HEDS-9040/9140). 
the centering 
tool is also used for gap setting. 
Refer to the HEDS-904019140 


data sheet for more information. 
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Ordering Information 
Metal Codewheels 


HEDS-5120 


Resolution (C cleolRevl 


K-96CPR 
G-360CPR 
C - 100 CHR 
H - 400 CPR 
D - 192 CPR 
A - 500 CPR 
E - 200 CPR 
I- 512 CPR 
F -256 CPR 


Resolution 
(C cleWRev) 
C - 100 CPR 
H - 400 CPR 
E - 200 CPR 
A - 500 CPR 
F - 256 CPR 
I- 512 CPR 
G-360CPR 


Resolution (CycleolRevl 
A- 500 CPR 
B-1oo0CPR 


I 


01-2mm. 
02-3mm 
03 -1/8 in. 
04 - 5132 in. 
05 - 3116 in. 
06 - 1/4 in. 


11-4mm 
14-5 
mm 
12-6mm 
13-8mm 


Sbaft DIameter 
01-2mm. 
11-4mm 
02-3mm 
14-5mm 
03 - 118 in. 
12 - 6 mm 
04 - 5132 in. 
13 - 8 mm 
05 - 3116 in. 
06 -1/4 in. 


05 - 3116 in. 
06 - 1/4 in. 
07 - 5116 in. 
08 - 318 in. 
09 - 1/2 in. 


10 - 518 in. 
11-4mm 
12-6mm 
13-8 mm 


Sbaft Diameter 


05 - 3116 in. 
11 - 4 mm 
06-1/4in.12-6mm 
07 - 5116 in. 
13 - 8 mm 
08 - 318 in. 
09 - 1/2 in. 
10 - 518 in. 


Ordering Information (continued) 
Glass and Film Codewheels 


Codewheel 
Material 
M-Film 
G-Glass 


Codewbeel 
Material 
M-Film 
G- Glasa 


Artwork Orientation 
o - Artwork on hub aide 
1 - Artwork oppoaite hub 
aide 


Resolution 
(CyclealRev) 
B-I000CPR 
J -1024 CPR 


Artwork 
Orientation 
o - Artwork on hub side 
1 - Artwork opposite hub 
side 


Re80lution 
(CyclealRev) 
T-2000 
CPR 
U -2048 CPR 


Assembly 
Tools 
HEDS-8905 
centering 
tool for HEDS-9100/9140 
HEDS-890G centering 
tool for HEDS-9000/9040 
HEDS-8901 
gap-setting 
tool for metal and film codewheels 
HEDS-8932 
gap-setting 
tool for glass codewheels 


Sban Diameter 
01-2mm. 
11-4mm 
02-3mm 
14·5mm 
03-1I8in.12-6mm 
04 - 5132 in. 
13 - 8 mm 
05 - 3/16 in. 
06 -]/4 in. 


05 - 3/16 in. 
06 -]/4 in. 
07 - 5116 in. 
08 - 3/8 in. 
09 - l/2 in. 
10 - 518 in. 


11-4mm 
12-6mm 
13-8mm 
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Quick Assembly 
Two and Three Channel 
Optical Encoders 


Features 
• Two Channel Quadrature 
Output with Optional 
Index Pulse 
• Quick and Easy Assembly 
• No Signal Adjustment 
Required 
• External 
Mounting Ears 
Available 
• Low Cost 
• Resolutions 
Up to 1024 
Counts Per Revolution 
• Small Size 
• -40°C to 100°C Operating 
Temperature 
• TTL Compatible 
• Single 5 V Supply 


Description 
The HEDS-5500/5540, 
HEDS- 
5600/5640, and HEDM-5500/ 
5600 are high performance, 
low 
cost, two and three channel 
optical incremental 
encoders. 


These encoders emphasize high 
reliability, high resolution, and 
easy assembly. 


Each encoder contains a lensed 
LED source, an integrated 
circuit with detectors and output 


circuitry, and a codewheel 
which rotates between the 
emitter and detector IC. The 
outputs of the HEDS-5500/5600 
and HEDM-5500/ 5600 are two 
square waves in quadrature. 
The HEDS-5540 and 5640 also 
have a third channel index 
output in addition to the two 
channel quadrature. 
This index 
output is a 90 electrical degree, 
high true index pulse which is 
generated 
once for each full 
rotation of the codewheel. 


The HEDS series utilizes metal 
codewheels, while the HEDM 
series utilizes a film codewheel 
allowing for resolutions to 1024 
CPR. The HEDM series is not 
available with a third channel 
index. 


These encoders may be quickly 
and easily mounted to a motor. 
For larger diameter motors, the 
HEDM-5600, and HEDS-5600l 
5640 feature external mounting 
ears. 


The quadrature 
signals and the 
index pulse are accessed 
through five 0.025 inch square 
pins located on 0.1 inch centers. 


HEDS·5500/5540 
HEDS-5600/5640 
rt&V' HEDM·5500/5600 


Standard 
resolutions 
between 
96 and 1024 counts per revolu- 
tion are presently 
available. 
Consult local Hewlett-Packard 
sales representatives 
for other 
resolutions. 


Applications 
The HEDS-5500, 5540, 5600, 
5640, and the HEDM-5500, 
5600 provide motion detection 
at a low cost, making them ideal 
for high volume applications. 
Typical applications 
include 
printers, 
plotters, tape drives, 


positioning tables, and 
automatic handlers. 
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Theory of Operation 
The HEDS-5500, 5540, 5600, 
5640, and HEDM-5500, 5600 
translate 
the rotary motion of a 
shaft into either a two- or a 
three-channel 
digital output. 


As seen in the block diagram, 
these encoders contain a single 
Light Emitting 
Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated 
detector circuit. 
This IC consists of multiple sets 
of photo detectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern 
of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions 
are arranged 
in a 
pattern 
that corresponds to the 
radius and design ofthe 
codewheel. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are 
then fed through the signal 
pro~essing cgcuitry resulling 
in 
A, A, B and B (also I and I in 
the HEDS-5540 and 5640). 
Comparators 
receive these 
signals and produce the final 
outputs for channels A and B. 
Due to this integrated 
phasing 
technique, the digital output of 
channel A is in quadrature 
with 


that of channel B (90 degrees 
out of phase). 


In the HEDS-5540 and 5640, 
the output ofthe comparator for 
I and! 
is sent to the index 
processing circuitry along with 
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the outputs of channels A and 
B. The final output of channel I 
is an index pulse Po which is 
generated 
once for each full 
rotation of the codewheel. This 
output Po is a one state width 
(nominally 90 electrical 
degrees), high true index pulse 
which is coincident with the low 
states of channels A and B. 


Deimitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) ofthe 
codewheel. 


One Cycle (C): 360 electrical 
degrees (Oe),1 bar and window 
pair. 


One Shaft Rotation: 
360 
mechanical degrees, N cycles. 


Position Error ( 68): The 
normalized angular difference 
between the actual shaft 
position and the position 
indicated by the encoder cycle 
count. 


Cycle Error (6C): An indication 
of cycle uniformity. The differ- 
ence between an observed 
shaft angle which gives rise to 


one electrical cycle, and the 
nominal angular increment 
of 
1IN of a revolution. 


Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This 
value is nominally 1800e or 1/2 
cycle. 


Pulse Width Error ( 6P): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 1800e. 


State Width (S): The number of 
electrical degrees between a 
transition 
in the output of 
channel A and the neighboring 
transition 
in the output of 
channel B. There are 4 states 
per cycle, each nominally 90oe. 


State Width Error ( 68): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 900e. 


Phase 
(4)): The number of 
electrical degrees between the 
center of the high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 900e for 
quadrature 
output. 
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Parameter 
HEDS·55XXJ56XX 
HEDM·550Xl560X 


Storage Temperature, 
Ts 
-40°C to 100°C 
-40°C to +70°C 


Operating Temperature, 
TA 
-40°C to 100°C 
, 
-40°C to +70°C 


Supply Voltage, Vcc 
-0.5 Vto 7V 
-0.5Vto7V 


.. 


( 


Output Voltage, Vo 
-0.5 Vto Vcc 
-0.5 Vto Vcc 


Output Current 
per Channel, IolJI' 
-1.0 mA to 5 mA 
-1.0 mA to 5 mA 


Vibration 
20 g, 5 to 1000 Hz 
20 g, 5 to 1000 Hz 


Shaft Axial Play 
±0.25 mm (±0.010 in.) 
±0.175 mm (±0.007 in.) 


Shaft Eccentricity 
Plus Radial Play 
0.1 mm (0.004 in.) TIR 
0.04 mm (0.0015 in.) TIR 


Velocity 
30,000RPM 
30,000RPM 


Acceleration 
250,000 rad/sec2 
250,000 rad/sec2 


Phase Error (t.ep): The deviation 
of the phase from its ideal value 
of90oe. 


Direction of Rotation: 
When the 
codewheel rotates in the 
counterclockwise 
direction (as 
viewed from the encoder end of 
the motor), channel A will lead 
channel B. Ifthe codewheel 
rotates in the clockwise 
direction, channel B will lead 
channel A 


Index Pulse Width (Po): The 
number of electrical degrees 
that an index output is high 
during one full shaft rotation. 
This value is nominally 900e or 
1/4 cycle. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Temperature HEDS Series 
TA 
-40 
100 
°C 


Temperature HEDM Series 
TA 
-40 
70 
°C 
non~ndensing 
atmosphere 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
Volts 
Ripple < 100 mVp-p 


Load Capacitance 
CL 
100 
pF 
2.7 kn pull-up 


Count Frequency 
f 
100 
kHz 
Velocity (rpm) x N/60 


Shaft Perpendicularity 
±O.25 
mm 
6.9 mm (0.27 in.) from 
Plus Axial Play (HEDS Series) 
(±O.010) 
(in.) 
mounting surface 


Shaft Eccentricity Plus 
0.04 
mm(in.) 
6.9 mm (0.27 in.) from 
Radial Play (HEDS Series) 
(0.0015) 
TIR 
mounting surface 


Shaft Perpendicularity 
±O.175 
mm 
6.9 mm (0.27 in.) from 
Plus Axial Play (HEDM Series) 
(±O.007) 
(in.) 
mounting surface 


Shaft Eccentricity Plus 
0.04 
mm(in.) 
6.9 mm (0.27 in.) from 
Radial Play(HEDM Series) 
(0.0015) 
TIR 
mounting surface 


Note: 
The module 
performance 
is guaranteed 
to 100 kHz but can operate 
at higher 
frequencies. 
2.7 kO pull.up 
resistors 
required 
for HEDS-5540 
and 5640. 


Encoding Characteristics 
Encoding Characteristics 
over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation. 


Part 
No. 
Description 
Sym. 
Min. 
Typ •• 
Max. 
Units 


HEDS-5500 
Pulse Width Error 
M' 
7 
45 
°e 
HEDS-5600 
Logic State Width Error 
AS 
5 
45 
°e 
(Two Channel) 
Phase Error 
~~ 
2 
20 
°e 
Position Error 
~8 
10 
40 
min. of arc 
Cycle Error 
~C 
3 
5.5 
°e 


HEDM-5500 
Pulse Width Error 
M' 
10 
45 
°e 
HEDM-5600 
Logic State Width Error 
AS 
10 
45 
°e 
Phase Error 
~~ 
2 
15 
°e 
Position Error 
~8 
10 
40 
min. of arc 
Cycle Error 
~C 
3 
7.5 
°e 


HEDS-5540 
Pulse Width Error 
M' 
5 
35 
°e 
HEDS-5640 
Logic State Width Error 
AS 
5 
35 
°e 
(Three 
Phase Error 
~~ 
2 
15 
°e 
Channel) 
Position Error 
~8 
10 
40 
min. of are 
Cycle Error 
~C 
3 
5.5 
°e 
Index Pulse Width 
Po 
55 
90 
125 
°e 
CH. I rise after 
-25°C to +100°C 
t1 
10 
100 
250 
ns 
CH. A or CH. B fall 
-40°C to +100·C 
t1 
-300 
100 
250 
ns 
CH. I fall after 
-25°C to +100°C 
~ 
70 
150 
300 
ns 
CH. B or CH. A rise 
-40°C to +100°C 
~ 
70 
150 
1000 
os 


Note: 
See Mechanical 
Characteristics 
for mounting 
tolerances. 


°Typical 
values 
specified 
at Vcc = 5.0 V and 25°C. 
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Electrical Characteristics 
Electrical 
Characteristics 
over Recommended 
Operating 
Range .. 


Part 
No. 
Parameter 
Sym. 
Min. 
Typ.* 
Max. 
Units 
Notes 


HEDS-55oo 
Supply Current 
lee 
17 
40 
mA 
HEDS-56oo 
High Level Output 
Voltage 
VOH 
2.4 
V 
IoH = -40 ~ 
max. 
Low Level Output 
Voltage 
VOL 
0.4 
V 
IoL= 3.2 mA 


Rise Time 
t,. 
200 
ns 
CL= 25 pF 
Fall Time 
1, 
50 
ns 
RL = 11 kn pull-up 


HEDS-5540 
Supply Current 
lee 
30 
57 
85 
mA 
HEDS-5640 
High Level Output 
Voltage 
VOH 
2.4 
V 
IOH= -200 ~ 
max. 
HEDM-55oo 
Low Level Output 
Voltage 
VOL 
0.4 
V 
IOL= 3.86 mA 
HEDM-56oo 
Rise Time 
t,. 
180 
ns 
CL= 25 pF 
Fall Time 
1, 
40 
ns 
RL = 2.7 kn pull-up 


HEDM-55oo 
Supply Current 
lee 
30 
57 
85 
mA 
HEDM-5600 
High Level Output 
Voltage 
VOH 
2.4 
V 
IOH= -40 ~ 
max. 
Low Level Output 
Voltage 
VOL 
0.4 
V 
IOL= 3.86 mA 
Rise Time 
t,. 
180 
ns 
CL = 25 pF 
Fall Time 
1, 
40 
ns 
RL = 3.2 kQ pull-up 


Parameter 
Symbol 
Dimension 
Tolerance 
(I) 
Units 


Codewheel 
Fits These 
2 
3 
4 
+0.000 
mm 
Standard 
Shaft Diameters 
5 
6 
8 
-0.015 


5/32 
1/8 
+0.0000 
in 
3/16 
1/4 
-0.0007 


Moment ofInertia 
J 
0.6 (8.0 x lQ-6) 
g-cm2 (oz-in-s2) 


Required 
Shaft Length[2l 
14.0 (0.55) 
±0.5 
mm 
(±0.02) 
(in.) 


Bolt Circle[3] 
2 screw 
19.05 
±0.13 
mm 
mounting 
(0.750) 
(±0.005) 
(in.) 


3 screw 
20.90 
±0.13 
mm 
mounting 
(0.823) 
(±0.005) 
(in.) 


external 
46.0 
±0.13 
mm 
mounting 
ears 
(1.811) 
(±0.005) 
(in.) 


Mounting 
Screw Size[4] 
2 screw 
mounting 
M 2.5 or (2-56) 
mm (in.) 


3 screw 
mounting 
M 1.6 or (0-80) 
mm (in.) 


extemal 
mounting 
ears 
M 2.5 or (2-56) 
. 
mm (in.) 


Encoder 
Base Plate 
0.33 (0.130) 
mm (in.) 
Thickness 


Hub Set Screw 
(2-56) 
(in.) 


Notes: 
1. These 
are tolerances 
required 
of the user. 


2. The HEDS-55X5 
and 56X5, HEDM-5505, 
5605 provide 
an 8.9 mm (0.35 inch) diameter 
hole through 
the housing 
for longer 
motor 
shafts. 
See Ordering 
Information. 


3. The HEDS-5540 
and 5640 must 
be aligned 
using 
the aligning 
pins as specified 
in Figure 
3, or using 
the alignment 
tool as 
shown 
in "Enroder 
Mounting 
and Assembly". 
See also "Mounting 
Considerations.' 
4. The rerommended 
mounting 
screw torque 
for 2 screw and external 
ear mounting 
is 1.0 kg-<:m (0.88 in-lbs). 
The rerommended 
mounting 
screw torque 
for 3 screw mounting 
is 0.50 kg-<:m (0.43 in-lbs). 


Electrical Interface 
To insure reliable 
encoding 
performance, 
the HEDS-5540 
and 5640 three channel 
encoders require 
2.7 kQ (±1O%) 
pull-up resistors 
on output 
pins 
2, 3, and 5 (Channels 
I, A, and 
B) as shown in Figure 
1. These 
pull-up resistors 
should be 


located as close to the encoder 
as possible (within 4 feet). Each 
of the three encoder outputs 
can 
drive a single TTL load in this 
configuration. 


require 
pull-up resistors. 


However, 3.2 kQ pull-up 
resistors 
on output 
pins 3 and 5 
(Channels 
A and B) are 
recommended 
to improve rise 
times, especially 
when 
operating 
above 100 kHz 
frequencies. 


The HEDS-5500, 
5600, and 
HEDM-5500, 
5600 two channel 
encoders do not normally 


• 


...- 


¢ 


TO OUTPUT ~OGIC 
(ONE TTlLOAQ 
PER 
OUTPUll 


Mounting 
Considerations 
The HEDS-5540 and 5640 three 
channel encoders and the 
HEDM Series high resolution 
encoders must be aligned using 
the aligning pins as specified in 
Figure 3, or using the HEDS- 
8910 Alignment Tool as shown 
in Encoder Mounting and 
Assembly. 


The use of aligning pins or 
alignment tool is recommended 
but not required to mount the 


3 SCREW 
MOUNTING 


Ml.6 (0-80 UNF-2B) 
3 PLCS-EQUALLY 
SPACED 


ON 20.90 (0.8231 DIA. 
BOLT 
CIRCLE 


I 
~ 
1 A 
I 
• 
0.25 (0010) 
1 


2 SCREW 
MOUNTING 


M2.5 (2-56 
UNe-2BI 


2 PLCS-EQUAll 
Y 
SPACED 
ON 


19.05 
10.750) 
DIA. 


SOL T CIRCLE 


1~ 
I 
A I • 
025 
10.0101 I 


HEDS-5500 and 5600. If these 
two channel encoders are 
attached to a motor with the 
screw sizes and mounting 
tolerances specified in the 
mechanical characteristics 
section without any additional 
mounting bosses, the encoder 
output errors will be within the 
maximums specified in the 
encoding characteristics 
section. 


The HEDS-5500 and 5540 can 
be mounted to a motor using 
either the two screw or three 


MOTOR 
BOSS 


PART NO. 
DIAMETER 


HEDS-5500 
11.10/10.94 
(0.437/0.431 
) 


HEDS-5540 
11.13/11.10 
(0.438/0.437) 


0.8 (0.03) X 45° CHAMFER 


101 A 10.0510.002) 
I 


ALIGNING 
PINS 


PART NO. 
DIAMETER 
HEIGHT 


HEDS·5500 
2.39/2.34 
0.76 


(0.094/0.092) 
(0.030) 


HEDS·5540 
2.44/2.41 
0.76 


(0.096/0.095) 
(0.030) 


0.25 
(0.01 0) X 


45° CHAMFER 


2 PLACES 


,..-1 A 1.0.1510.006) 
1 


screw mounting option as 
shown in Figure 2. The optional 
aligning pins shown in Figure 3 
can be used with either mount- 
ing option. 


The HEDS-5600, 5640, and 
HEDM-5600 have external 
mounting ears which may be 
used for mounting to larger 
motor base plates. Figure 4 
shows the necessary mounting 
holes with optional aligning 
pins and motor boss. 


M2.5 (2-56 UNC-2Bl 
2 PLCS EQUALLY 
SPACED ON 
46.0(1.S11IDIA 
BOLT CIRCLE 
1-+1 A I_ 0.2510.01011 


T- 


12.01 (0.4731 


I 


S.64 (0.3401~ 


17.2710.6S01~ 


OPTIONAL ALIGNING PINS 


PART NO. 
DIAMETER 


HEDS-5600 
2.3912.34 
(0.094/0.0921 


2.44/2.41 


(0.096/0.095) 


OPTIONAL MOTOR SOSS 


PART NO. 
DIAMETER 


HEDS-5600 
11.10/10.94 
(0.437/0.4311 


HEDS-5640 
11.13/11.10 
(0.438/0.4371 


HEIGHT 


0.76 


(0.030) 


0.76 
(0.030) 
• 
.-.. 


0.25 (0.0101 X 
45° CHAMFER 


2 PLACES 
1.1A 1_0.1510.00611 


HEIGHT 


2.5 
fO.101 


2.5 


(O.10) 


1. For HEDS-5500 and 5600: Mount encoder 
base plate 
onto motor. Tighten 
screws. Go on to step 2. 


la. For HEDS.5540, 5640 and HEDM·5500. 5600: Slip 
alignment 
tool onto motor shaft. With alignment 
tool in 
place, mount encoder baseplate 
onto motor as shown 
above. Tighten 
screws. Remove alignment 
tool. 


3a. Push the hex wrench 
into the body of the encoder 
to 
ensure 
that 
it is properly 
seated 
into the code wheel 
hub set screws. Then apply a downward 
force on the 
end of the hex wrench. 
This sets the code wheel gap by 
levering 
the code wheel hub to its upper 
position. 


3b. While continuing 
to apply a downward 
force, rotate 
the hex wrench 
in the clockwise 
direction 
until the hub 
set screw is tight against 
the motor shaft. The hub set 
screw attaches 
the code wheel to the motor's 
shaft. 


3c. Remove the hex wrench 
by pulling 
it straight 
out of 
the encoder 
body. 


2. Snap encoder 
body onto base plate locking 
all 4 
snaps. 


[h~ 
~fillHjl\!S 


4. Use the center 
screwdriver 
slot, or either 
of the two 
side slots, to rotate 
the encoder 
cap dot clockwise 
from 
the one dot position 
to the two dot position. 
Do not 
rotate 
the encoder 
cap counterclockwise 
beyond the 
one dot position. 


• 
.-.. 


Manufacturer 
Part 
Number 
I 


AMP 
103686-4 
640442-5 


DupontlBerg 
65039-032 with 4825X-000 term. 


HP 
HEDS-8902 
(2 ch.) with 4-wire leads 
(designed 
to mechanically 
lock into the 
HEDS-55xx, 
HEDM-5XXX 
Series) 
HEDS-8903 
(3 ch.) with 5-wire leads 


Molex 
2695 series with 2759 series term. 


14.30 
152± 5 
~ 
(0.563) 
(5.98± 0.20) 
~I==jl~_~=~=~=~=~=~=~~=~r--3±110:12±O.041 


I 
-.--~;. 
~ 
E· 
5.0(0.20)'- 
---- 


I 
7.1 +0.0/-0.3(0.28"-0.00/-0.01) 


Lf 
1=-.1===== 
rJ 


621--1~~~91 
[' 


(0.182) 


18.0 
(0.71) 


HEDS-8902 
HEDS·8903 


PIN NUMBER 
PARAMETER 
COLORS 
COLORS 


1 
GROUND 
BLACK 
BLACK 
2 
CH.I 
N/A" 
BLUE 
3 
CH.A 
WHITE 
WHITE 


4 
Voc 
RED 
RED 
5 
CH. B 
BROWN 
BROWN 


HEDS-55XX 
HP 


OR 
CH.A 
HCTL-2016/ 


HEDS-56XX 
CH.B 
2020 
HOST 


OR 
QUADRATURE 
PROCESSOR 


HEDM-5XXX 
DECODER! 
COUNTER 


HEDS-55XX 
HP 
OR 
CH.A 
HCTL-llOO 
HEDS-56XX 
HOST 
CH.B 
MOTION 
PROCESSOR 
OR 
CONTROLIC 
HEDM-5XXX 


Ordering Information 


Encoders 
with Metal Codewheels 


Throu 
O-None 
5 - 8.9 mm (0.36in.) 


Reeohatioa (Cyo:1ee'ReY) 
(HEDS-66OX,660X2 Chaanel) 
K-96CPR 
G-360CPR 
C-looCPR 
H-~CPR 
0-I92CPR 
A-600CPR 
E-2OQCPR 
!-512 CPR 
F-266CPR 


8II.ftm-_ 


01-2 mm 
08-lf41n. 


Q2-3mm 
11-4mm 


03 -1I81n. 
14-1i mm 


<M-1lI32In. 
12 - 8 mm 


011- 3/18In. 
13- 8 mm 


Mountl 
5- Slandard 
6 - External 
MountingEan 


(HE08-664X,664X3 Chaanel) 
C-lOOCPR 
H-~CPR 
E- 200 CPR 
A- 600 CPR 
F-266CPR 
1- 512 CPR 
G-360CPR 


8".ftOl__ 


01-2 mm 
08 -1/4in. 


Q2-3mm 
11-4mm 


03 -ll8in. 
14-1i mm 


04 - 11/32in. 
12- 8 mm 


011- 3/18in. 
13- 8 mm 


Throu 
0- None 
5 - 8.9 mm (0.36in.) 


Encoder Line Driver Options 


Features 
• Available 
on Both Encoder 
Modules 
<HEDS-9000 
Series) 
and Encoder 
Kit 
Housings 
(HEDS-5500 
Series) 
• Complementary 
Outputs 
• High Flex: Twisted 
Pair 
Cable with 
Connector 
• Industry 
Standard 
26LS31 
Line Driver 
IC 
• Single 
5 V Supply 
• Onboard 
Bypass 
Capacitor 


Description 
Line Driver options are 
available on the HEDS-55XX1 
56XX series and the HEDS- 
9000/9100/9200/9040/9140 
series encoders. The line driver 


option offers enhanced 
performance when the encoder 
is used in noisy environments, 
or when it is required to drive 
long distances. 


This option utilizes an industry 
standard line driver Ie 
(26LS31) which provides 
complementary 
outputs for each 
encoder channel. Thus, the 
output of the line driver encoder 
is A, A, B, B and VI for three 
channel versions. In addition, 
this option comes standard 
with 
a 10 conductor flat ribbon cable 
with complementary 
outputs in 
twisted pairs - providing 
increased noise immunity. 
Suggested line receivers are 
26LS32 and 26LS33. 


HEDL-9000/9100l9200 
HEDL-9040/9140 
HEDL-550X/554X 
HEDL-560X/564X 
I 
.-.. 


For additional information, 
please refer to: 
HEDS-5500/5540/5600/5640 
data sheet, 
HEDS-90XO/91XO/92X0data 
sheets, 
HEDS-9000 series extended 
resolution data sheet, and 
26LS31 data sheet. 


Option 
Characteristic 
Notes 


Termination 
10 conductor twisted pair cable with 
See pinout 
10 position IDC Berg connector 
Electrical Outputs 
Complementary 
outputs: A, A, B, B, I,I 
I and I available only on 
three channel encoders 
Line Driver Components 
26LS31 line driver IC, decoupling 
capacitor on PC board. 
Operating Temperature 
0° C to 70° C 
100° C available. 


Ran~e 
Contact factory 
Storage Temperature 
_40°C to 70° C 


ESD WARNING: 
NORMAL 
HANDLING 
PRECAUTIONS 
SHOULD BE TAKEN TO AVOID 
STATIC 
DISCHARGE. 


Line Driver Package Dimensions 
For Detailed 
Dimensions 
on encoder packages, 
please refer to the respective 
data sheets. 


19.0±O.5,---------~1 


0.160 MAX. 
I 
« 
~:;Ff 


MAX. 0.450 


~ 
~ 
~ 
~___n 
_ 
--~LJ~--- 


HEO$·90001910019200 


·904019140 
·556X/S54X 
·560X/564X 
26LS31 


NO. 
COLOR 
PARAMETER 


1 
BROWN 
NC 
2 
RED 
VCC(+SV) 


3 
ORANGE 
OND 
4 
YEllOW 
NC 
5 
GREEN 
A 
• 
BLUE 
A 
7 
VIOLET 
B 
8 
GREY 
B 
9 
WHITE 
I(INDEX) 
,. 
BLACK 
I (INDEX) 


Vec 
Vec 
o 


GND 
GND 


Refer to the following 
encoder data sheet for 
additional 
information 
and option codes (XXX• 
Line Driver 
resolution 
and/or shaft 
Base Part 
Description 
size). 


HEDL-5500#XXX 
HEDS-5500#XXX 
with Line Driver/Cable/Connector 
HEDS-550015540 


HEDL-5505#XXX 
HEDS-5505#XXX 
with Line Driver/Cable/Connector 
HEDS-560015640 


HEDL-5540#XXX 
HEDS-5540#XXX 
with Line Driver/Cable/Connector 


HEDL-5545#XXX 
HEDS-5545#XXX 
with Line Driver/Cable/Connector 


HEDL-5600#XXX 
HEDS-5600#XXX 
with Line Driver/Cable/Connector 


HEDL-5605#XXX 
HEDS-5605#XXX 
with Line Driver/Cable/Connector 


HEDL-5640#XXX 
HEDS-5640#XXX 
with Line Driver/Cable/Connector 


HEDL-5645#XXX 
HEDS-5645#XXX 
with Line Driver/Cable/Connector 


HEDL-9000#XXX 
HEDS-9000#XXX 
with Line Driver/Cable/Connector 
HEDS-9000l910019200 


HEDL-9040#XXX 
HEDS-9040#XXX 
with Line Driver/Cable/Connector 
HEDS-904019140 
HEDS-9000/910019200 
HEDL-9100#XXX 
HEDS-9100#XXX 
with Line Driver/Cable/Connector 
Extended 
Resolution 
HEDL-9140#XXX 
HEDS-9140#XXX 
with Line Driver/Cable/Connector 


HEDL-9200#XXX 
HEDS-9200#XXX 
with Line Driver/Cable/Connector 


Ordering Information: 
To identify 
the line driver option 


when ordering 
an encoder, 
simply use the "HEDL" base 
(instead 
of "HEDS"). 


• 
.-.. 


Fhiil HEWLETT 
~~ 
PACKARD 


Miniature Panel Mount 
Optical Encoder 


Technical Data 


Features 
• Miniature 
Size 
• Smooth Turning and 
Detented 
Options 
• Multiple Mounting Bracket 
Options 
• Uses Optical Reflective 
Technology 
• Quadrature 
Digital Output 
• Small Footprint 
for 
Versatile Mounting 
• TTL Compatible 


Description 
The HRPG series is a family of 
miniature 
panel mount optical 
encoders, also known as Rotary 
Pulse Generators (RPG) and 
digital potentiometers. 
The 
HRPG is designed to be mounted 
on a front panel and used as a 
rotary, data-entry 
device. The 
HRPG is very flexible for 
numerous applications due to 
the many configuration options 
available. These options include 
detents or smooth, multiple 
terminations, 
versatile 
mounting capabilities, and 
different shaft configurations. 


The HRPG uses optical 
reflective technology providing 
accuracy and reliability to the 
encoder. An LED emits a beam 
oflight onto the specular 
codewheel surface. When the 
light strikes the surface, it 
projects the image of the 
codewheel back on the photo- 
detector, causing the output to 
change. The entire detector 
circuit is on one Ie, thus the 
part is less sensitive to 
temperature 
and other environ- 
mental variations. 


Applications 
Typical applications for the 
Rotary Pulse Generator include 
front panel instruments, 
audio/ 


visual boards, and other devices 
requiring digital output from a 
turning knob. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Storage Temperature 
Ts 
-40 
+85 
°C 


Operating Temperature 
TA 
0 
+70 
°C 


Vibration 
20 
g 
20 Hz to 2 kHz 


Supply Voltage 
Vee 
-0.5 
7 
V 
- 


Output Voltage 
Vo 
-0.5 
Vee 
V 


Output Current 
Per Channel 
10 
-1 
5 
mA 


Shaft Load - Axial 
4.0 
N 
106 Revolutions 


Shaft Load - Radial 
0.1 
Nm 
106 Revolutions 


Revolution Life 
106 
Rev 
At Maximum Loads 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Temperature 
T 
0 
+70 
°C 
Non Condensing Atmosphere 


Supply Voltage 
Vee 
4.5 
5.5 
V 
Ripple < 100 mVp_p 
Rotation Speed 
- Detented 
200 
RPM 


-Smooth 
300 
RPM 


Electrical Characteristics 
Over Recommended 
Operating 
Range 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Supply Current 
Ice 
40 
mA 


High Level Output Voltage 
VOH 
2.4 
V 
10H= -40 J.1AMax. 


Low Level Output Voltage 
VOL 
0.4 
V 
10L= 3.2 mA 


0- 


, - 
I 


0- 


900e ± G00t: 
I 
TYP. 
---j 


NOTES: 


3600e:: 
360DC~~CH. 


CHANNEL 
A LEADS 
CHANNel 
B FOR CLOCKWISE 
ROTATION 
CHANNEL 
B LEADS 
CHANNel 
A FOR COUNTERCLOCKWISE 
AOTATION 
1. FOR HRPG-ADXX 
#XXX 
THE NOMINAL 
DETENT 
POSITION 
IS CENTERED 
AROUND 
LOW-LOW 
STATE 
leHA 
'" O. CHB:: 0). 


2. DETENT 
POSITION 
Will 
LIE WITHIN 
THESE 
BOUNDARIES. 
NEVER 
IN HIGH-HIGH 
STATE 


ICHA= 
1. CHB = 1). 


• 
...- 


Mechanical Configurations 
Termination 
Options 
Option R - Pins Rear with Bracket 
HRPG·AXXX#XXR 


r-- -1-----, 


I 
I 
-j 
: 
Gl 
I 
(!) 
I 
L' 
I 
I 
[E] 
~55~~ 
+ - 
-* 
I 


I 
I 
~REFi 
I 


~(j)I<i>: 


\ 
@(!)@(!)(!) 
~ 
NUT AND 
WASHER 
MUST BE 
[_ 
PC.B 
useD 
TO SECURE MOUNTING 
1> 1.24 ± 0.08 
9 PLACES 
I I 
PLATE TO THE HOUSING 
. 
0.049 ± 0.003' 
-I I--- 02,50 MAX 
PANEL THICKNESS 


8.31 
SHAFT CENTER 


0.327 


TABS 00;::, . 4 PLACES~ 


,], -IL_ 
J_ 


95 


0_9_;9_ 


6 


2 
r 


;:3 
MIN 
TO LAST COMPLETE THREL 


8 , 


032 
@) 


~~56 
MAX. 


~ 


OO~ 


17.3 
FLAT TO FLAT 
0.68 


114 
045 
PINS 0 64 mm/O 025 • SQR 5 PLACES 
ON 2.54 mm/O.l00" 
CENTERS 
3:J 
0.14 


NOTES: 


DIMENSIONS 
ARE: IN~;;'ES 


TOLERANCES 
ARE: X ± 0.25 mm 
.XX±O.01" 


,XX±O,13mm 
.XXX ± 0.005" 


L 


PCB 


02150MAX 
PANEl 
THICKNESS 


~~ 


~;2~ 


3.6 
o:T4 


10.9 
0.43 


NOTES: 


DIMENSIONS 
ARE: IN~~ES 


TOLERANCES 
ARE: X ± 0.25 
mm 


.XX ± 0.01" 


.XX±O.13 
mm 
.XXX ± 0.005" 


I 


r 


;283 MIN. TO LAST COMPLETE 
THREAD 


~ 
TABS O~08312.4 
PLACES 


r::,". 
ro'~'~'''''."U~t ;',:j 


• 


'052±±0.30, 
II 
~;::~f~ 
I 


~ 
STAR 
HEX NUT.7/1."111.1 
mml 
WASHER 
FLAT TO FlAT 


r-------, 
I 
I 
I 


I 
ffi 
I 


I 
I 
I 


I --+-- 
I 
.~l1-I-tJ 


0.193 


8.38 
0.330 
. 


CONNECTOR 
AMP 641239-5 
MTA·100 CLOSeD END HOUSING WITH DUST COVER, 


FEMALE CONNECTOR 
ON O.100"{2.54 
mm) CENTERS TO MATE WITH 


MALE 0,025" 
10.54 mm) 
SQR. 
POSTS, 0.28 ± 0.04 
(7.' 
, ± 1.00 
mm) 
LONG. 


NOTES: 


DIMENSIONS ARE: IN~~ES 


TOLERANCES 
ARE: X ± 0.25 
mrn 


.XX ± 0.0'" 


.XX ± 0.13 mm 
.XXX ± 0.005" 


Shaft Configurations 
Shaft Dimensio 
(D 
ns 
-cut shown also) 


o~i~~ 
flANGE 
FLATS 
~ 


I~ 
.. 


c±~ 
o-eUT 
:'OO'~ 
jl 


_'·270.050 
FLANGE THICKNESS 


_ 
~~360 FLANGE 
flAT 
DEPTH 


~ 
~: 
.~::',"'"' ",0,. 


: 
~- 
0.005 
SHAFT LENGTH 


.0.025 
~ 


d 
0.001 
SHAFT 
_ 0.050 
OIA. 
CHAMFERO.76mm 
(0.030) x 45° 


0.002 


Shaft 
Shaft 
D·Cut 
D·Cut 
Length 
Diameter 
Thickness 
Length 
Sketch 


Option 
# 
(1) 
(d) 
(c) 
(b) 
(not to scale) 


11 
0.30" 
0.251" 
- 
- 
J:o 
Q 
I 
I 


0.30" 
0.250" 
0.225" 
0.230" 
}:b 
© 
13 
'II 


14 
0.50" 
0.251" 
- 
- 
f=o 
Q 
"I 


~ 
® 
16 
0.50" 
0.250" 
0.225" 
0.400" 
'll 
I 


17 
0.80" 
0.251" 
- 
- 
}:t=J 
Q 
'II 


19 
0.80" 
0.250" 
0.225" 
0.700" 
~ 
© 


51 
7.6mm 
6.02 mm 
- 
- 


~ 
0 
'I 


53 
7.6mm 
6.00mm 
5.33 mm 
5.84mm 


~ 
© 
, 
b 
54 
12.7 mm 
6.02 mm 
- 
] 
Q 
- 
'II.r- 


56 
12.7 mm 
6.00mm 
5.33 mm 
10.16 mm 


~ 
© 


57 
20.32 mm 
6.02 mm 
- 
- 
~ 
Q 


59 
20.32 mm 
6.00 mm 
5.33 mm 
17.78 mm 


~ 
© 


CHA 
HP 
HRPG 
HCTL·2016/2020 
HOST 
SERIES 
CH B 
QUADRATURE 
PROCESSOR 
DECODERI 
COUNTER 


Shaft Feel! Resolution 


S16 - Smooth 16CPR 
D16 - Detented 
16CPR* 
S32 - Smooth 32CPR 
D32 - Detented 32CPR* 
S64 - Smooth 64CPR 
SCA - Smooth 120CPR 


Mechanical Configuration 


11 - 0.3" long, 0.25" dia. 
13 - 0.3" long, 0.25" dia. D-cut 


14 - 0.5" long, 0.25" dia. 
16 - 0.5" long, 0.25" dia. D-cut 


17 - 0.8" long, 0.25" dia. 
19 - 0.8" long, 0.25" dia. D-cut 


51- 
7.6 mm long, 6 mm dia. 


53 -7.6 
mm long, 6 mm dia. D-cut 


54 - 12.7 mm long, 6 mm dia. 
56 - 12.7 mm long, 6 mm dia. D-cut 


57 - 20.3 mm long, 6 mm dia. 
59 - 20.3 mm long, 6 mm dia. D-cut 


Termination 


F - Pins Front with Bracket 
R - Pins Rear with Bracket 
C - Cable Connector with 
Strain Relief 
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PANEL MOUNT 
OPTICAL ENCODER 
rlin- 
HEWLETT 
~~ 
PACKARD 


HEDS-5700 


SERIES 


Features 


• AVAILABLE WITH OR WITHOUT STATIC 
DRAG FOR MANUAL OR MECHANIZED 
OPERATION 


• HIGH RESOLUTION - UP TO 512 CPR 


• LONG ROTATIONAL LIFE, >1 MILLION REVS 


• -20 TO 85 °C OPERATING TEMPERATURE 
RANGE 


• TIL QUADRATURE OUTPUT 


• SINGLE 5V SUPPLY 


• AVAILABLE WITH COLOR CODED LEADS 


Description 


The HEDS-5700 series is a family of low cost, high perform- 
ance, optical incremental encoders with mounted shafts and 
bushings. The HEDS-5700 isavailablew~h tactile feedback for 
hand operated panel mount applications, or with a free spin- 
ning shaft for applications requiring a pre-assembled encoder 
for pos~ion sensing. 


The encoder contains a collimated 
LED light source and 
special detector circuit which allows for high resolution, excel- 
lent encoding performance, long rotational life, and increased 
reliabil~y. The unit outputs two digital waveforms which are 90 
degrees out of phase to provide position and direction informa- 
tion. 


The HEDS-5700 is quickly and easily mounted to a front panel 
using the threaded bushing, or it can be directly coupled to a 
motor shaft (or gear train) for position sensing applications. 


Applications 


The HEDS-5700 with the static drag option is best suited for ap- 
plications requiring digital information from a manually oper·· 
ated knob. Typical front panel applications include instruments, 
CAD/CAM systems, and audio/video control boards. 


The HEDS-5700 without static drag (free spinning) is best 
su~ed for low speed, mechanized operations. Typical applica- 
tions are copiers, X-V tables, and assembly line equipment. 


¢ 6,35 +0.000, -0.008 


( Q 0.2500 +0.0000, -0.(003) 


15.0 (0.59),/' 


RADIUS 
REF. 


I 
,q.o.250REF 
0396~J... 


~(O.l96) 


(O.421J~ 
~ 
0:>0.250REF 


~ 
¢ 6 mm + 0.0, -0.0076 
I 
26.2 
(1.03) 


MAX 


18~ 
I07:'--.j . 


MAX 


OPTIONAL 
WIRING 


COLOR CODe TABLE 
Color 
Out ut 


White 
A 


Brown 
B 
Red 
VCC 


Black 
Gnd 


Absolute Maximum 
Ratings 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Storage 
Temperature 
Ts 
-40 
+85 
°C 


Operating 
Temperature 
o. 
Ta 
-20 
+85 
°C 


Vibration 
20 
g 
20Hz - 2kHz 


Supply 
Voltage 
Vee 
-0.5 
7 
V 


Output 
Voltage 
Vo 
-0.5 
Vee 
V 


Output 
Current 
Per Channel 
10 
-1 
5 
mA 


Shaft Load - Axial 
1 
Ib 


- Radial 
1 
Ib 


ReCOmmended Operating Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Temperature 
T 
-20 
+85 
°C 
Non Condensing 
Atmosphere 


Suppy 
Voltage 
Vee 
4.5 
5.5 
V 
Ripple <100mVp-p 


Rotation 
Speed - Drag 
300 
RPM 


- Free Spinning 
2000 
RPM 


Electrical Characteristics 
Over Recommended 
Operating 
Range, Typical 
at 25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Supply 
Current 
Ice 
17 
40 
mA 


High Level Output 
Voltage 
VOH 
2.4 
V 
10H; 
-40!,A 
Max. 


Low Level Output 
Voltage 
VOL 
0.4 
V 
10L; 
3.2mA 


Note: If more source current is required. use a 3.2K pullup resistor on each output. 


Mechanical Characteristics 


Parameter 
Min. 
Typ. 
Max. 
Units 
Notes 


Starting 
Torque - Static 
Drag 
0.47 
oz in 


- Free Spinning 
0.14 
oz in 


Dynamic 
Drag 
- Static 
Drag 
1.1 
oz in 
100 RPM 


- Free Spinning 
070 
oz in 
2000 RPM 


Rotational 
Life 
- Static 
Drag 
1 x 106 
Revolutions 
1 Ib Load 


- Free Spinning 
12 x 106 
Revolutions 
4 oz Radial Load 


Mounting 
Torque 
of Nut 
13 
Ib in 


Output Waveforms 
Ordering Information 


~ 
360±5.5----.j 


,HEDS-57~1 


CH A 


Mechanical 
Configuration 
Shaft Configuration 
0- Pins 
o - 1/4" dia.with no flat 
~'B~~lJ 


1 - 6" Color Coded Leads 
1 - 6mm dia.with no flat 
2 - 1/4" dia.with flat 


51+52 
S3~rS4 
90 t 45 TYPICAL 


Resolutions 
(Cycles 
Per Revolution) 
Drag Option 
K=96 CPR 
G~360 CPR 
o - Free Spinning 


CH B 
C-100 
CPR 
H-400 CPR 
1 - Static Drag 


D-192 CPR 
A-500 
CPR 


NOTE: 
All values are in electrical degrees, where 360oe=1 cycle of resolution. 
E=200 CPR 
1=512 CPR 


Errors are worst case over one revolution. 
F-256 CPR 


CH B leads CH A for counterclockwise rotation. 
CH A leads CH B for clockwise rotation. 
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rlin- 
HEWLETT 
~~ 
PACKARD 
QUADRATURE DECODER/ 
COUNTER 
INTERFACE ICs 


HCTl-2000 
HCTl-2016 
HCTl-2020 


Features 


• 
INTERFACES 
ENCODER 
TO MICROPROCESSOR 


• 
14 MHz CLOCK 
OPERATION 


• 
FULL 4X DECODE 


• 
HIGH NOISE IMMUNITY: 


SCHMITT 
TRIGGER 
INPUTS 
DIGITAL 
NOISE FILTER 


• 
12 OR 16-BIT BINARY UP/DOWN 
COUNTER 


• 
LATCHED 
OUTPUTS 


• 
8-BIT TRISTATE INTERFACE 


• 
8,12, OR 16-BIT OPERATING 
MODES 


• 
QUADRATURE 
DECODER 
OUTPUT 
SIGNALS, 


UP/DOWN 
AND COUNT 


• 
CASCADE 
OUTPUT 
SIGNALS, 
UP/DOWN 
AND 
COUNT 


• 
SUBSTANTIALLY 
REDUCED 
SYSTEM 
SOFTWARE 


Description 


The 
HCTL-2000, 
2016, 2020 are CMOS 
ICs that 
perform 


the quadrature 
decoder, counter, and bus interface function. 


The HCTL-20XX 
family is designed to improve system per- 
formance 
in digital closed loop motion control 
systems and 


digital data input systems. It does this by shifting time inten- 
sive quadrature 
decoder 
functions 
to a cost effective hard- 
ware solution. The entire HCTL-20XX family consists of a 4x 
quadrature 
decoder, a binary up/down 
state counter, and an 


8-bit 
bus 
interface. 
The 
use of Schmitt-triggered 
CMOS 
inputs 
and 
input 
noise filters 
allows 
reliable 
operation 
in 


noisy 
environments. 
The 
HCTL-2000 
contains 
a 
12-bit 
counter. The HCTL-2016 
and 2020 contain 
a 16-bit counter. 


The HCTL-2020 
also contains 
quadrature 
decoder 
output 
signals 
and cascade 
signals 
for 
use with 
many 
standard 
counter 
ICs. The HCTL-20XX 
family provides 
LSTTL com- 


patible tri-state 
output 
buffers. Operation 
is specified 
for a 
temperature 
range from -40 to +85°C at clock 
frequencies 
up to 14 MHz. 


DO 
VOO 


Do 
CLK 
0, 


SEL 
0, 


DE 
0, 


U/O 
CNToCDA 


NC 
CNTCAS 


AST 
0, 


CH" 
0, 


CHA 
0, 


v" 
0, 


PINOUT A 
PINOUT B 


Applications 


• 
INTERFACE 
QUADRATURE 
INCREMENTAL 
ENCODERS 
TO MICROPROCESSORS 


• 
INTERFACE 
DIGITAL 
POTENTIOMETERS 
TO 
DIGITAL 
DATA INPUT 
BUSES 


ESD WARNING: Standard CMOS handling precautions should be 
observed with the HCTL-20XXfamily ICs. 


Part Number 
Description 
Package Drawing 
HCTL-2000 
12-bit counter. 14 MHz clock operation. 
A 


HCTL-2016 
All features of the HCTL-2000. 
16-bit counter. 
A 


HCTL-2020 
All features of the HCTL-2016. 
Quadrature 
decoder 
output 
signals. Cascade output 
B 
signals. 


6.35t 0.25 " 
10.250~,/'0}r. 
~ 
7.62± 0.25t] 


PIN 1 
19.30 ± 0.25 
(0.300 ± 0.010) 
I--- 10.760'0.010} 


3.30 
t 0.25 


330t;=~mw4:rOl0B} 
10.130'0.0101I 
I 
I 
~ 
10' 


I"~~~~~} i-J~'['I"O~~ 
~~~}--tgAXl 


0.46 
± 0.05 
9.14 (0.360) 
(0.018 
± 0.(02) 
MAX 


0.25 
! 0.05 


2.54 (0.100) TYP 
(0.010 
± 0.002) 


I"i~~[~:::::::] 


1--- 26.67' 0.25---I 
7'62'0'25qJ 
f----fl.050:1 
0,0101-----1 
fO.300 ± 0.010) 


3.30:!: 
0.25 
'"~;~~~JL"~"g"'",A[ 
0 


1.93:!: 
0.13 
~ 
i--- 
~. 
C' IO~~~; g:~~)'-I 
~~X 


(0.076 
± 0.005) 


0.46 
:!: 0.05 


(0.018 ± 0.002) 
9.14 10.360) 


MAX 


0.25 t 0.05 
2.54 (0.1001 TYP 
(0.010:1 
0.0021 
• 
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Parameter 


DC Supply 
Voltage 


Input 
Voltage 


Storage 
Temperature 


Operating 
Temperature 


Symbol 
Voo 


VIN 


Ts 


TAil! 


Limits 


-0.3 to +5.5 


-0.3 to Voo +0.3 


-40 to +125 


-40 
to +85 


Units 


V 


V 


Parameter 
Symbol 
Limits 
Units 


DC Supply 
Voltage 
Voo 
+4.5 to +5.5 
V 


Ambient 
Temperature 
TAil] 
-40 to +85 
°C 


Table 3. DC Characteristics 
Voo = 5 V ± 5%; TA = -40 to 85°C 


Symbol 
Parameter 
Condition 
Min. 
Typ. 
Max. 


Vll'2] 
Low-Level 
Input 
Voltage 
1.5 


VIHI2] 
High-Level 
Input 
Voltage 
3.5 


VT+ 


Schmitt-Trigger 
Positive-Going 
3.5 
4.0 
Threshold 


VT_ 
Schmitt-Trigger 
Negative-Going 
1.0 
1.5 
Threshold 


VH 
Schmitt-Trigger 
Hysteresis 
1.0 
2.0 


IIN 
Input 
Current 
VIN = Vss or Voo 
-10 
1 
+10 


VOH'2] 
High-Level 
Output 
Voltage 
'OH -1.6 mA 
2.4 
4.5 


Voll2] 
Low-Level 
Output 
Voltage 
10l = +4.8 mA 
0.2 
0.4 


'oz 
High-Z 
Output 
Leakage 
Current 
Vo = Vss or Voo 
-10 
1 
+10 


100 
Quiescent 
Supply 
Current 
VIN = Vss or Voo. Vo = HiZ 
1 
5 


CIN 
Input 
Capacitance 
Any 
Input[3] 
5 


COUT 
Output 
Capacitance 
Any Outputl3] 
6 


Notes: 
1. Free Air 
2. In general, for any Voo between the allowable 
limits (+4.5 V to +5.5 V), 
V,L = 
0.3 Voo and V'H = 0.7 Voo; typical values are 


VOH = Voo - 0.5 V @ 10H = -40 I'A and VOL = Vss + 0.2 V @ 10L = 1.6 mA. 


3. Including 
package capacitance. 


Functional Pin Description 


Table 4. Functional 
Pin Descriptions 


Pin 
Pin 
Symbol 
2000/2016 
2020 
Description 


VDD 
16 
20 
Power Supply 
~ 


Vss 
8 
10 
Ground 


CLK 
2 
2 
CLK is a Schmitt-trigger 
input for the external 
clock 
signal. 


CHA 
7 
9 
CHA and CHB are Schmitt-trigger 
inputs which 
accept 
the outputs 
from a 


CHB 
6 
8 
quadrature 
encoded 
source, 
such as incremental 
optical 
shaft encoder. 
Two 


channels, 
A and B, nominally 
90 degrees out of phase, are required. 


RST 
5 
7 
This active low Schmitt-trigger 
input clears the internal 
position 
counter 
and the 
position 
latch. It also resets the inhibit 
logic. RST is asynchronous 
with respect 
to 
any other input signals. 


OE 
4 
4 
This CMOS active low input enables the tri-state 
output 
buffers. 
The OE and SEL 
inputs are sampled 
by the internal 
inhibit 
logic on the falling 
edge of the clock 
to 
control 
the loading 
of the internal 
position 
data latch. 


SEL 
3 
3 
This CMOS 
input directly 
controls 
which 
data byte from the position 
latch is 
enabled 
into the 8-bit tri-state 
output 
buffer. As in OE above, SEL also controls 
the 
internal 
inhibit 
logic. 


SEL 
BYTE SELECTED 


0 
High 


1 
Low 


CNTD~DR 
16 
A pulse is presented 
on this LSTTL-compatible 
output 
when the quadrature 
decoder 
has detected 
a state transition. 


UIO 
5 
This LSTTL-compatible 
output 
allows the user to determine 
whether 
the IC is 
counting 
up or down 
and is intended 
to be used with the CNT DCDRand CNT CAS 


outputs. 
The proper 
signal U (high level) or IT (low level) will be present 
before the 


rising edge of the CNT DCDRand CNT CASoutputs. 


CNTcAS 
15 
A pulse is presented 
on this LSTTL-compatible 
output 
when the HCTL-2020 
internal 


counter 
overflows 
or underflows. 
The rising edge on this waveform 
may be used to 
trigger 
an external 
counter. 


DO 
1 
1 
These LSTTL-compatible 
tri-state 
outputs 
form an 8-bit output 
port through 
which 


01 
15 
19 
the contents 
of the 12/16-bit 
position 
latch may be read in 2 sequential 
bytes. The 


02 
14 
18 
high byte, containing 
bits 8-15, is read first (on the HCTL-2000, 
the most significant 


03 
13 
17 
4 bits of this byte are set to 0 internally). 
The lower byte, bits 0-7, is read second. 


04 
12 
14 


05 
11 
13 


06 
10 
12 


07 
9 
11 


NC 
6 
Not connected 
- 
this pin should 
be left floating. 


switching 
Characteristics 


Table 5. Switching 
Characteristics 
MiniMax 
specifications 
at VDD = 5.0 ± 5%, TA = -40 to + 85°C 


Symbol 
Description 
Min. 
Max. 
Units 


1 
tCLK 
Clock 
period 
70 
ns 


2 
tCHH 
Pulse width, 
clock 
high 
28 
ns 


3 
tCDP] 
Delay 
time, 
rising 
edge 
of clock 
to valid, 
updated 
count 
information 
65 
ns 
on 00-7 


4 
tODE 
Delay 
time, 
OE fall to valid 
data 
65 
ns 


5 
tODz 
Delay 
time, 
OE rise to Hi-Z state on 00-7 
40 
ns 


6 
tSDV 


Delay 
time, 
SEL valid to stable, 
selected 
data byte (delay 
to High 
65 
ns 
Byte = delay 
to Low 
Byte) 


7 
tCLH 
Pulse width, 
clock 
low 
28 
ns 


8 
tssI2) 
Setup 
time, 
SEL before 
clock 
fall 
20 
ns 


9 
toS[2] 
Setup 
time, 
OE before 
clock 
fall 
20 
ns 


10 
tSHI2) 
Hold 
time, 
SEL after clock 
fall 
0 
ns 


11 
tOHI2) 
Hold 
time, 
OE after clock 
fall 
0 
ns 


12 
tRST 
Pulse width, 
RST low 
28 
ns 


13 
tDCD 
Hold 
time, 
last position 
count 
stable 
on 00-7 
after clock 
rise 
10 
ns 


14 
tDSD 
Hold 
time, 
last data byte stable 
after 
next SEL state change 
5 
ns 


15 
tDOD 
Hold 
time, 
data byte stable 
after OE rise 
5 
ns 


16 
tUDD 
Delay 
time, 
U/O valid 
after clock 
rise 
45 
ns 


17 
tCHD 
Delay 
time, 
CNTDCDR or CNTcAS high 
after clock 
rise 
- 
45 
ns 


18 
tCLD 
Delay 
time, 
CNT DCDRor CNTcAS low after clock 
fall 
45 
ns 


19 
tUDH 
Hold 
time, 
U/O stable 
after clock 
rise 
10 
ns 


20 
tUDCS 
Setup 
time, 
U/O valid 
before 
CNTDcDR or CNTCAS rise 
tCLK-45 
ns 


21 
tUDCH 
Hold 
time, 
U/O stable 
after CNTDCDR or CNTcAS rise 
- 
tCLK-45 
ns 


Notes: 
1. tCD specification 
and waveform assume latch not inhibited. 
2. tss, tos, tsH, tOH only pertain to proper operation 
of the inhibit 
logic. In other cases, such as 8 bit read operations. 
these setup and 
hold times do not need to be observed. 
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Figure 1. Reset Waveform 
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Figure 2. Waveform for Positive Clock Related Delays 


I 
.... 


A block 
diagram 
of the 
HCTL-20XX 
family 
is shown 
in 
Figure 
6. The 
operation 
of each 
major 
function 
is de- 


scribed 
in the following 
sections. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL_ 


I 
I 


CNT DeDR 
: 


I 


UfO 
I 
I 


CNTcAS 
: 


I 
I 
-------------------~ 


12/16 
BIT 
12/16 BIT 


BINARyeTR 
LATCH 


CNT 
00-07 


UP/ON 
Q8-Q11.15 


00-Qll,15 
00-011.15 


CLR 
SEL 


CLR 
INH 
6E 


DIGITAL 
NOISE 
FILTER 


The digital 
noise filter 
section 
is responsible 
for rejecting 
noise on the incoming 
quadrature 
signals. 
The input 
sec- 
tion 
uses two 
techniques 
to implement 
improved 
noise 
rejection. 
Schmitt-trigger 
inputs 
and a three-clock-cycle 
delay 
filter 
combine 
to reject 
low 
level noise and 
large, 
short 
duration 
noise spikes 
that typically 
occur 
in motor 


system 
applications. 
Both common 
mode and differential 


mode 
noise 
are 
rejected. 
The 
user 
benefits 
from 
these 


techniques 
by improved 
integrity 
of the data in the coun- 
ter. False counts triggered 
by noise are avoided. 


Figure 7 shows 
the simplified 
schematic 
of the input sec- 


tion. The signals are first passed through 
a Schmitt 
trigger 


buffer 
to address 
the problem 
of input 
signals 
with slow 


rise times and low level noise (approximately 
< 1 V). The 
cleaned 
up signals 
are then passed to a four-bit 
delay fil- 
ter. The 
signals 
on each 
channel 
are sampled 
on rising 
clock 
edges. A time history 
of the signals 
is stored 
in the 


four-bit 
shift register. Any change on the input is tested for 
a stable 
level being 
present 
for three 
consecutive 
rising 
clock 
edges. Therefore, 
the filtered 
output 
waveforms 
can 
change 
only 
after an input 
level has the same value for 
three 
consecutive 
rising 
clock 
edges. 
Refer to Figure 
8 
which 
shows the timing 
diagram. 
The result of this circui- 
try is that short 
noise spikes 
between 
rising 
clock 
edges 


are ignored 
and pulses shorter 
than two clock 
periods 
are 


rejected. 
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QUADRATURE 
DECODER 
The 
quadrature 
decoder 
decodes 
the 
incoming 
filtered 
signals into count information. 
This circuitry 
multiplies 
the 


resolution 
of the 
input 
signals 
by a factor 
of four 
(4X 
decoding). 
When 
using 
an encoder 
for 
motion 
sensing, 


the user benefits 
from 
the increased 
resolution 
by being 
able to provide better system control. 


The quadrature 
decoder 
samples the outputs 
of the CHA 


and CHB filters. Based on the past binary state of the two 
signals and the present state, it outputs 
a count signal and 
a direction 
signal 
to the internal 
position 
counter. 
In the 
case of the 
HCTL-2020, 
the signals 
also go to external 


pins 5 and 16 respectively. 


Figure 9 shows the quadrature 
states and the valid state 


transitions. 
Channel A leading channel 
B results in count- 
ing up. Channel 
B leading 
channel 
A results 
in counting 


down. 
Illegal state transitions, 
caused 
by faulty 
encoders 
or noise severe enough 
to pass through 
the filter, will pro- 
duce an erroneous 
count. 


DESIGN 
CONSIDERATIONS 
The designer 
should 
be aware that the operation 
of the 
digital 
filter 
places a timing 
constraint 
on the relationship 
between 
incoming 
quadrature 
signals 
and 
the 
external 
clock. 
Figure 8 shows the timing 
waveform 
with an incre- 


mental encoder 
input. Since an input has to be stable for 


three rising clock edges, the encoder 
pulse width 
(tE - low 
or high), has to be greater than three clock periods (3tCLK). 
This guarantees 
that the asynchronous 
input will be stable 


during 
three 
consecutive 
rising 
clock 
edges. 
A realistic 


design also has to take into account 
finite rise times of the 
waveforms, 
asymmetry 
of the waveforms, 
and noise. In the 


presence 
of large amounts 
of noise, tE should 
be much 


greater than 3tCLK to allow for the interruption 
of the con- 
secutive 
level 
sampling 
by the 
three-bit 
delay 
filter. 
It 
should 
be noted that a change on the inputs that is quali- 
fied by the filter will internally 
propagate 
in a maximum 
of 
seven clock periods. 


The quadrature 
decoder 
circuitry 
imposes a second timing 
constraint 
between 
the external 
clock 
and the input 
sig- 
nals. There 
must 
be at least one 
clock 
period 
between 
consecutive 
quadrature 
states. 
As shown 
in Figure 
9, a 
quadrature 
state is defined 
by consecutive 
edges on both 


channels. 
Therefore, 
tES (encoder state period) > tCLK. The 
designer 
must account 
for deviations 
from the nominal 
90 
degree 
phasing 
of 
input 
signals 
to 
guarantee 
that 
tES 


> tCLK· 
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POSITION 
COUNTER 
This 
section 
consists 
of a 12-bit 
(HCTL-2000) 
or 
16-bit 
(HCTL-2016/2020) 
binary 
up/down 
counter 
which 
counts 
on rising clock 
edges as explained 
in the Quadrature 
De- 
coder 
Section. 
All 12 or 16 bits of data are passed to the 
position 
data latch. The system can use this count data in 
several ways: 


A. System total range is ~ 12 or 16 bits, so the count 
rep- 
resents "absolute" 
position. 


B. The system 
is cyclic 
with ~ 12 or 16 bits of count 
per 
cycle. RST is used to reset the counter 
every cycle and 


the system uses the data to interpolate 
within the cycle. 


C. System count 
is > 8, 12 or 16 bits, so the count 
data is 
used as a relative 
or incremental 
position 
input 
for a 
system 
software 
computation 
of absolute 
position. 
In 


this case counter 
rollover 
occurs. 
In order 
to prevent 


loss of position 
information, 
the processor 
must 
read 


the outputs 
of the IC before the count 
increments 
one- 


half of the maximum 
count 
capability 
(i.e. 127,2047, or 
32,767 quadrature 
counts). 
Two's-complement 
arithme- 


tic 
is normally 
used to compute 
position 
from 
these 


periodic 
position 
updates. Three modes can be used: 


1. The 
IC can be put in 8-bit 
mode 
by tying 
the SEL 
line high, thus simplifying 
IC interface. 
The outputs 


must then be read at least once every 127 quadrature 
counts. 


2. The 
HCTL-2000 
can 
be used 
in 12-bit 
mode 
and 
sampled at least once every 2047 quadrature 
counts. 


3. The HCTL-2016 
or 2020 can be used in 16-bit mode 
and sampled 
at least once every 32,767 quadrature 
counts. 


D. The system count is > 16 bits so the HCTL-2020 
can be 
cascaded 
with other standard 
counter 
IC's to give abso- 
lute position. 


POSITION 
DATA LATCH 
The position 
data latch is a 12/16-bit 
latch which captures 
the 
position 
counter 
output 
data 
on 
each 
rising 
clock 
edge, except 
when 
its inputs 
are disabled 
by the inhibit 
logic section 
during 
two-byte 
read operations. 
The output 
data is passed to the bus interface 
section. 
When active, a 
signal 
from 
the 
inhibit 
logic 
section 
prevents 
new data 
from 
being captured 
by the latch, keeping 
the data stable 
while successive 
reads are made through 
the bus section. 


The latch 
is automatically 
reenabled 
at the end of these 


reads. The 
latch 
is cleared 
to 0 asynchronously 
by the 


RST signal. 


I 
.... 


INHIBIT 
LOGIC 
The Inhibit Logic Section samples the OE and SEL signals 
on the falling edge of the clock and, in response to certain 
conditions 
(see Figure 10 below), inhibits 
the position 
data 


latch. 
The 
RST signal 
asynchronously 
clears 
the inhibit 


logic, enabling 
the latch. A simplified 
logic diagram 
of the 
inhibit circuitry 
is illustrated 
in Figure 11. 


INHIBIT 
STEP SEl 
DE 
CLK 
SIGNAL 
ACTION 


1 
L 
L 
1 
1 
SET INHIBIT; READ HIGH BYTE 


2 
H 
L 
1 
1 
READ 
LOW BYTE; STARTS 
RESET 


3 
X 
H 
1 
0 
COMPLETES 
INHIBIT 
LOGIC 
RESET 


BUS 
INTERFACE 
The bus interface 
section 
consists 
of a 16 to 8 line multi- 


plexer 
and an 8-bit, 
three-state 
output 
buffer. The multi- 


plexer 
allows 
independent 
access 
to the 
low 
and 
high 


bytes of the position 
data latch 
The SEL and OE signals 
determine 
which 
byte is output 
and whether 
or not the 
output 
bus is in the high-Z 
state 
In the case of the HCTL- 


2000 the data latch is only 12 bits wide and the upper four 
bits of the high byte are internally 
set to zero. 


QUADRATURE 
DECODER 
OUTPUT 
(HCTL-2020 
ONLY) 


The quadrature 
decoder 
output 
section 
consists 
of count 
and up/down 
outputs 
derived from the 4X decode logic of 
the HCTL-2020. When the decoder has detected a count, a 
pulse, 
one-half 
clock 
cycle 
long, 
will 
be output 
on the 
CNT OCOR 
pin. 
This 
output 
will 
occur 
during 
the 
clock 
cycle 
in which 
the internal 
counter 
is updated. 
The U/O 
pin will be set to the proper voltage 
level one clock cycle 
before the rising edge of the CNToCOR 
pulse, and held one 
clock 
cycle 
after the rising 
edge of the CNToCOR 
pulse. 


These outputs 
are not affected 
by the inhibit 
logic. 
See 


Figures 5 and 12 for detailed timing. 


CASCADE 
OUTPUT 
(HCTL-2020 
ONLY) 


The cascade 
output 
also consists 
of count 
and up/down 
outputs. 
When the HCTL-2020 
internal 
counter 
overflows 


or underflows, 
a pulse, one-half 
clock 
cycle 
long, will be 


output 
on the CNTcAS 
pin. This output 
will occur 
during 


the clock 
cycle 
in which 
the internal 
counter 
is updated. 


The 
U/O pin will 
be set to the proper 
voltagf;! level one 


clock 
cycle 
before 
the rising 
edge of the CNT CAS pulse, 


and 
held 
one 
clock 
cycle 
after 
the 
rising 
edge 
of 
the 


CNTcAS 
pulse. 
These 
outputs 
are 
not 
affected 
by the 
inhibit logic. See Figures 5 and 12 for detailed timing. 


'CHAF1LT 
and CHBmT 
are the 


outputs of the digifal noise filter 
(see figures 7 and 8). 


CASCADE 
CONSIDERATIONS 
(HCTl-2020 
ONLY) 


The 
HCTl-2020's 
cascading 
system 
allows 
for 
position 
reads of more than two bytes. These reads can be accom- 
plished 
by latching 
all of the bytes and then 
reading 
the 
bytes sequentially 
over the 8-bit 
bus. Care must be taken 
to latch all of the bytes such that they represent 
the count 
as it actually 
is, despite 
propagation 
delays through 
the 
counters. 


A good understanding 
of the mechanics 
of count propaga- 


tion is important 
in designing 
a proper interface. 
Consider 
the sequence 
of events for a read cycle that starts as the 


HCTL-2020's 
internal 
counter 
rolls 
over. 
On 
the 
rising 
clock 
edge, count 
data is updated 
in the internal 
counter, 


rolling 
it over. A count-cascade 
pulse 
(CNTcAS) 
will 
be 


generated 
with 
some 
delay 
after 
the 
rising 
clock 
edge 
(tCHD)' There will be additional 
propagation 
delays through 
the external 
counters 
and registers. 
Meanwhile, 
with 
OE 
and 
SEL 
low 
to 
start 
the 
read, 
this 
new count 
on the 


HCTL-2020 
will be latched 
in on the falling 
clock 
edge of 
this 
cycle. 
If the external 
registers 
are latched 
too soon, 


before the CNTcAS pulse has toggled 
the external 
count- 


ers and registers, a major count error will occur. 


Valid data can be ensured 
by latching 
the external 
counter 
data 
on the first 
rising 
clock 
edge 
following 
the falling 
edge 
on which 
the 
internal 
count 
on the HCTL-2020 
is 


latched 
(provided 
that 
all the 
delays 
are less than 
one 
clock 
cycle). 
This 
will 
ensure 
that 
a cascade 
pulse 
that 
occurs 
during 
the clock 
cycle 
when 
the read begins 
has 
adequate 
time to propagate. 
This 
also guarantees 
that a 
cascade 
pulse occurring 
on the clock 
cycle after the read 
is initiated 
will not be erroneously 
latched. 


For example, 
suppose 
the HCTL-2020 
count 
is at FFFFH 


and an external 
counter 
is at FOH, with 
the count 
going 
up. A count 
occurring 
in the HCTL-2020 
will 
cause the 
counter 
to roll over and a cascade pulse will be generated. 
A read starting 
on this clock 
cycle will show OOOOHfrom 
the HCTL-2020. 
The 
external 
counter 
should 
read F1H 
but if the host latches the count 
before the cascade signal 
propagates 
through, 
the 
external 
counter 
will 
still 
read 
FOH. 


I 
.-.. 


General Interfacing 


The 12-bit (HCTL-2000) 
or 16-bit (HCTL-2016/2020) 
latch 


and inhibit 
logic 
allows 
access to 12 or 16 bits of count 


with an 8-bit bus. When only 8-bits of count are required, a 
simple 
8-bit 
(l-byte) 
mode 
is available 
by holding 
SEL 


high continuously. 
This disables the inhibit 
logic. OE pro- 


vides control 
of the tri-state 
bus, and read timing 
is shown 


in Figures 2 and 3. 


For proper 
operation 
of the inhibit 
logic during 
a two-byte 
read, OE and SEL must be synchronous 
with CLK due to 
the falling edge sampling 
of OE and SEL. 


The internal 
inhibit 
logic on the HCTL-20XX 
family 
inhibits 


the transfer 
of data from the counter 
to the position 
data 


latch during 
the time that the latch outputs 
are being read. 


The 
inhibit 
logic 
allows 
the microprocessor 
to first 
read 


the high order 4 or 8 bits from the latch and then read the 
low order 
8 bits from 
the latch. 
Meanwhile, 
the counter 
can continue 
to keep track 
of the quadrature 
states from 


the CHA and CHB input signals. 


Figure 
11 shows 
the simplified 
inhibit 
logic 
circuit. 
The 


operation 
of the circuitry 
is illustrated 
in the read timing 


shown in Figure 13. 
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'OE 
can 
consist 
of two 
short 
low 
pulses, as well as one 
long 
pulse, 
and still 
satisfy 


the inhibit 
logic 
sequence. 
During 
the time that OE is high, the data lines are tri-stated. 


ACTIONS 
1. On the rising edge of the clock, 
counter 
data is trans- 


ferred to the position 
data latch, provided 
the inhibit signal 


is low. 


2. When OE goes low, the outputs 
of the multiplexer 
are 
enabled 
onto 
the data lines. If SEL is low, then the high 


order data bytes are enabled 
onto the data lines. If SEL is 
high, then the low order 
data bytes are enabled 
onto the 
data lines. 


3. When 
the Ie detects 
a low 
on OE and SEL during 
a 
falling 
clock 
edge, the internal 
inhibit 
signal 
is activated. 


This 
blocks 
new 
data 
from 
being 
transferred 
from 
the 
counter 
to the position 
data latch. 


4. When SEL goes high, the data outputs 
change from the 


high byte to the low byte. 


5. The first of two reset conditions 
for the inhibit 
logic 
is 


met when the IC detects 
a logic 
high on SEL and a logic 


low on OE during a falling clock edge. 


6. When 
OE goes high, 
the data lines change 
to a high 


impedance 
state. 


7. The IC detects a logic high on OE during 
a falling 
clock 


edge. 
This 
satisfies 
the 
second 
reset 
condition 
for 
the 


inhibit 
logic. 


Interfacing the HCTL-2020to a Motorola 6802/8 and Cascading 
the Counter for 24 Bits 
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In this circuit 
an interface 
to a Motorola 
6802/8 and a cas- 


cading 
scheme for a 24-bit counter' are shown. This circuit 
provides 
a minimum 
part count 
by: 1) using two 74LS697 
Up/Down 
counters 
with output 
registers 
and tri-state 
out- 
puts 
and 
2) 
using 
a Motorola 
6802/8 
LOX 
instruction 
which 
stores 16 bits of data into the index registers 
in two 
consecutive 
clock cycles. 


The HCTL-2020 
OE and the 74LS697 IT lines are decoded 
from 
Address 
lines A 15-A 13. This 
results 
in counter 
data 
being enabled 
onto the bus whenever 
an external 
memory 
access 
is made to locations 
4XXX or 2XXX. Address 
line 
A 12 and processor 
clock 
E enable the 74LS138. The pro- 


cessor 
clock 
E is also 
used 
to 
clock 
the 
HCTL-2020. 


Address 
AO is connected 
directly 
to the SEL pin on the 


HCTL-2020 
This line selects the low or high byte of data 
from the HCTL-2020. 


Cascading 
is accomplished 
by connecting 
the 
CNTcAS 


output 
on the HCTL-2020 
with 
the counter 
clock 
(CCK) 
input 
on both 74LS697's. The UfO pin on the HCTL-2020 
and 
the 
U/O 
pin 
on 
both 
74LS697's 
are 
also 
directly 


connected 
for easy expansion. 
The RCO of the first 4-bit 
74LS697 
is connected 
to 
the 
ENT 
pin 
of 
the 
second 
74LS697. This enables the second counter 
only when there 
is a RCO signal on the first counter. 


This configuration 
allows the 6802 to read both data bytes 
with 
a single 
double-byte 
fetch 
instruction 
(LOX 2XXO). 


This 
instruction 
is a five 
cycle 
instruction 
which 
reads 


external 
memory 
location 
2XXO and stores the high order 
byte 
into 
the 
high 
byte 
of 
the 
index 
register. 
Memory 
location 
2XX1 is next read and stored in the low order byte 


of the 
index 
register. 
The 
high 
byte 
of counter 
data 
is 


clocked 
into the 74LS697 registers 
when SEL is high and 
OE goes low. This upper 
byte can be read at any time by 


pUlling 
the 74LS697 IT low 
when 
reading 
address 
4XXX. 


Figure 15 shows memory 
addresses 
and gives an example 


of reading 
the HCTL-2020. 
Figure 
16 shows the interface 


timing 
for the circuit. 


Address 
Function 


CXXX 
Reset Counters 


4XXX 
Enable High Byte on Data Lines 


2XXO 
Enable Low Byte on Data Lines 


2XX1 
Enable Mid Byte on Data Lines 


Read Example 


LOX 2000 
Loads mid byte and then low byte into 
STX 0100 
memory 
locations 
0100 and 0101 


LDAA 4000 
Loads the high byte into memory 


STAA 0102 
location 
0102 


FFFFH 
I OOOOH 
• 
.-.. 


ACTIONS 
1. The microprocessor 
clock 
output 
is E. If the internal 
HCTL-2020 
inhibit 
is not active, 
new data 
is trans- 


ferred 
from 
the internal 
counter 
to the position 
data 
latch. 


2. 
An even address output 
from the 6802 causes SEL to 
go low. When E goes high, the address 
decoder 
out- 
put 
for 
the 
HCTL-2020 
OE 
signal 
goes 
low 
This 
causes the HCTL-2020 
to output 
the middle 
byte of 


the 
system 
counter 
(high 
byte 
of 
the 
HCTL-2020 
counter). 


3. 
In this case, the HCTL-2020 
counter 
has overflowed 
and there is an output 
on the CNTcAS line. This pulse 


is counted 
by the 74LS697 but 
not loaded 
into 
the 
output 
register of the 74LS697 at this time. 


4. 
The 6802 reads the data bus on the falling 
edge of E, 
storing 
the high order 2020 data byte (middle 
system 
byte) into the high byte of the index register. The chip 
detects that OE and SEL are Iowan 
the falling edge of 


E and activates the internal 
inhibit signal. The position 
data latch is inhibited 
and data cannot 
be transferred 
from the internal counter 
to the latch. 


5 
When E goes low, the address 
decoder 
output 
is dis- 


abled 
and 
OE goes 
high. 
The 
6802 increments 
the 
address, 
causing 
SEL to go high. The position 
data 


latch is still inhibited. 


6 
When SEL is high and OE is low the 74LS697 register 
clock 
(RCK) goes high. The rising edge of RCK loads 
the 74LS697 count into the 74LS697 register. Delaying 
the RCK signal 
until the second 
OE allows for delays 
on the CNT CAS sig nal. 


7. 
The 
address 
decoder 
is enabled 
after 
E goes 
high. 


The OE line goes low and the low data byte is enabled 
onto the bus. 


8 
The 6802 reads the data bus on the falling 
edge of E, 
storing 
the low order data byte into the low byte of the 
index register. The HCTL-2020 
detects that OE is low 
and SEL is high on the falling 
edge of E, thus meeting 
the first inhibit 
reset condition. 


9. 
When 
E goes 
low, the address 
decoder 
is disabled, 


causing 
OE to go high and the data lines to go to the 
high impedance 
state. The 6802 continues 
its instruc- 
tion execution, 
and the state of SEL is indeterminate. 


10. The HCTL-2020 
detects OE is high on the next falling 
edge of E. This satisfies the second inhibit 
reset condi- 


tion and the inhibit signal is reset. 


11 
When E goes high, a new address causes the G line on 
the 74LS697 to go low and enables the high byte onto 
the data bus. 


12. When E goes low, the high byte is read into the 6802. 
The data bus returns to tri-state. 


Interfacing 
the HCTL-2QXXto 
an Intel 8748 


The 
circuit 
shown 
in Figure 
17 shows 
the 
connections 
between 
an HCTl-20XX 
and an 8748. Data lines 00-07 
are 
connected 
to the 8748 bus port. Bits 0 and 1 of port 1 are 
uSEldto control 
the SEl 
and OE inputs 
of the HCTl-20XX 


respectively. 
TO is used to provide 
a clock 
signal 
to the 
HCTl-20XX. 
The frequency 
of TO is the crystal 
frequency 
divided 
by 3. TO must be enabled 
by executing 
the ENTO 
ClK 
instruction 
after each 
system 
reset, but prior 
to the 
first 
encoder 
position 
change. 
An 
8748 program 
which 
interfaces 
to the circuit 
in Figure 
17 is given 
in Figure 
18. 


The resulting 
interface 
timing 
is shown 
in Figure 19. 
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LOC 
Object 
Code 
Source 
Statements 
Comments 


000 
9900 
ANl 
P1, OOH 
Enable output 
and higher order bits 
002 
08 
INS A, BUS 
load 
higher order bits into ACC 
003 
A8 
MOVE RO A 
Move data to register 0 


004 
8903 
ORl 
P1, 01H 
Change 
data from high order to low order bits 


006 
08 
INS A, BUS 
load 
order bits into AC 
008 
A9 
MOV R1, A 
Move data to register 
1 
009 
8903 
ORl 
P1, 03H 
Disable outputs 


OOB 
93 
RETR 
Return 


elK 
11 
1 
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ACTIONS 
1. ANL P1, OOHhas just been executed. 
The output 
of bits 
o and 1 of Port 1 cause 
SEL and OE to be logic 
low. 


The data lines output 
the higher order byte. 


2. The HCTL-20XX 
detects 
that 
OE and SEL are low on 
the next falling 
edge of the CLK and asserts the internal 
inhibit 
signal. 
Data can be read without 
regard 
for the 


phase of the CLK. 


3. INS A, BUS has just 
been executed. 
Data is read into 
the 8748. 


4. ORL 
PORT 
1, 01H has just 
been 
executed. 
The 
pro- 


gram 
sets SEL high 
and leaves OE low by writing 
the 
correct 
values to port 1. The HCTL-20XX 
detects 
OE is 
low 
and 
SEL 
is high 
on the 
next 
falling 
edge 
of the 
CLK, and thus the first inhibit 
reset condition 
is met. 


5. INS A, BUS has just 
been executed. 
Lower 
order 
data 


bits are read into the 8748. 


6. ORL P1, 03H has just been executed. 
The HCTL-20XX 


detects 
OE high on the next falling 
edge of CLK. The 


program 
sets OE and SEL high 
by writing 
the correct 
values 
to port 
1. This 
causes 
the data lines to be tri- 
stated. This satisfies the second 
inhibit 
and reset condi- 
tion. 
On the next 
rising 
CLK 
edge 
new data 
is trans- 
ferred from the counter 
to the position 
data latch. 
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Surface Mount Quadrature 
Decoder/Counter 
Interface IC 


Features 
• 20 Pin PLCC Surface 
Mount Package 


• All Features 
of the HCTL· 
2016 and HCTL-2020 PDIP 


Description 
The HCTL-2016 #PLC and 
HCTL-2020 #PLC are quadra- 
ture decoder/counter interface 
ICs in a 20 pin PLCC (plastic 
leaded chip carrier) surface 
mount package. These CMOS 
ICs interface incremental 
encoders to microprocessors by 
performing the quadrature 
decoder, counter, and bus 
transfer functions. 


OE 


NC 


NC 


RST 


CH B 


The HCTL-2016 #PLC and 
HCTL-2020 #PLC have all of 
the same features, functions, 
and operating characteristics 
as 


the HCTL-2016 and HCTL-2020 
PDlP (plastic dual-in-line 
package). 


For further 
information 
on the 


operation and function 
of the 


HCTL-2016 
#PLC and 2020 
#PLC, please refer to the HCTL- 
2000/ HCTL-2016 
/ HCTL-2020 
data sheet. 
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HCTL-2016 #PLC 
HCTL-2020 #PLC 


Applications 
Typical applications include 
interfacing incremental 
encoders to microprocessors and 
interfacing digital 
potentiometers 
to digital data 


input buses. 
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ESD WARNING: NORMAL 
HANDLING 
PRECAUTIONS 
SHOULD BE TAKEN TO AVOID 
STATIC DISCHARGE. 
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Part 
No. 
Description 


HCTL-2016 #PLC 
16-bit counter; 14 MHz clock operation; 
20 pin PLCC surface mount package. 


HCTL-2020 #PLC 
All features of HCTL-2016 #PLC plus 
quadrature 
decoder output signals and 
cascade output signals. 
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General Purpose Motion 
ControlIC 


Features 
• Low Power 
CMOS 
• PDIP and PLCC Versions 
Available 
• Enhanced 
Version 
of the 
HCTL-1000 
• DC, DC Brushless, 
and 
Step Motor Control 
• Position 
and Velocity 
Control 


• Programmable 
Digital 
Filter 
and Commutator 
• 8-Bit Parallel, 
and PWM 
Motor Command 
Ports 
• TIL Compatible 
• SYNC Pin for 
Coordinating 
Multiple 
HCTL·llOO ICs 
• 100 kHz to 2 MHz 
Operation 
• Encoder 
Input 
Port 


Description 
The HCTL-llOO series is a high 
performance, general purpose 
motion controllC, fabricated in 
HP CMOS technology. It frees 
the host processor for other 
tasks by performing all the 
time-intensive functions of 
digital motion control. The 
programmability of all control 
,parameters 
provides maximum 
flexibility and quick design of 
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control systems with a 
minimum number of 
components. In addition to the 
HCTL-llOO, the complete 
control system consists of a host 
processor to specify commands, 
an amplifier, and a motor with 
an incremental encoder (such as 
the HP HEDS-5XXX, -6XXX,- 
9XXXseries). No analog 
compensation or velocity 
feedback is necessary. 
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Applications 
Typical applications 
for the 
HCTL-llOO include printers, 
medical instruments, 
material 
handling 
machines, 
and 
industrial 
automation. 


HCTL·ll00 
vs. 
HCTL-IOOO 
The HCTL-llOO is designed to 
replace the HCTL-1000. 
Some 
differences 
exist, and some 
enhancements 
have been added. 


Description 
HCTL-llOO 
HCTL-1000 


Max. Supply Current 
30mA 
180mA 


Max. Power Dissipation 
165mW 
950mW 


Max. Tri-State 
Output 
Leakage 
Current 
150 nA 
10 !1A 


Operating 
Frequency 
100 kHz-2 MHz 
1 MHz-2 MHz 


Operating 
Temperature 
Range 
-20°C to +85°C 
O°C to 70°C 


Storage Temperature 
Range 
-55°C to +125°C 
-40°C to +125°C 


Synchronize 
2 or More ICs 
Yes 
- 


Preset Actual Position 
Registers 
Yes 
- 


Read Flag Register 
Yes 
- 


Limit and Stop Pins 
Must be pulled 
Can be left 
up to VDD if 
floating 
ifnot 
not used. 
used. 


Hard Reset 
Required 
Recommended 


PLCC Package Available 
Yes 
- 
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NOTES; 


ORIENTATION 
NOTCH: 
-,. 
EACH PIN CENTERLINE 
TO BE LOCATED 
\f 


SHAPE 
MAY VARY 
WITHIN 0.010" 
OF ITS TRUE 
LONGITUDINAL 
POSITION. 
------J 
2. lEAD 
FINISH: 
SOLDER 
COAT 


3. DIMENSIONS 
ARE in~;::'s 


15.24 + 0.25 
o 
0.600 
- 0.010 
C-[j"'[]"'------ 
~±~ 
Cloe 
0.150 
0.002 
OF BEND R 
PIN NO.1 
ID 
SEATING 
PLANE 
13.97 + 
~52.32+~1 
~MAX. 
0.550- 
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0.200 
R.25j 
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I-- 
I ~MIN. 
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0.010 
I - 
---i 0.025 
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~ ~--- - 
~;,50±~~~2 


~ 
I 
jt~±~ 
t~M:fN.~66~~±0009\~0 
~ 
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0.010 
0.125 
C TO C 


~+~ 
0.100 


2.54'" 
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0.100 


(0',;;0) 
± (O~c:o~) I ~ 
+ 
0.076 


(0.029) 
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(0.003) 


(~~6:~) 
MAX 
L 


NOTES: 
1. LEAD FINISH: SOLDER 
COAT 


2. DIMENSIONS ARE (IN~~ES) 
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- 
I~052~) 
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r---, 
(O~,5;O) 
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SEATING 
PLANE -J~ 
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Theory of Operation 
The HCTL-ll00 
is a general 


purpose motor controller which 
provides position and velocity 
control for DC, DC brushless 
and stepper motors. The 
internal block diagram of the 
HCTL-ll00 
is shown in Figure 
1. The HCTL-ll00 
receives its 
input commands from a host 
processor and position feedback 
from an incremental 
encoder 
with quadrature 
output. An 8- 


bit bi-directional 
multiplexed 
address/data 
bus interfaces the 
HCTL-ll00 
to the host 


processor. The encoder feedback 
is decoded into quadrature 
counts and a 24-bit counter 
keeps track of position. The 
HCTL-ll00 
executes anyone of 
four control algorithms selected 
by the user. The four control 
modes are: 


• Position Control 
• Proportional Velocity Control 
• Trapezoidal Profile Control for 
point to point moves 
• Integral Velocity Control with 
continuous velocity profiling 
using linear acceleration 


The resident Position Profile 
Generator calculates the 
necessary profiles for 
Trapezoidal Profile Control and 
Integral Velocity Control. The 
HCTL-ll00 
compares the 


desired position (or velocity) to 
the actual position (or velocity) 
to compute compensated motor 
commands using a 
programmable 
digital filter 
D(z). The motor command is 
externally available at the 
Motor Command port as an 8- 
bit byte and at the PWM port as 
a Pulse Width Modulated 
(PWM) signal. 


The HCTL-ll00 
has the 


capability of providing 
electronic commutation for DC 
brush less and stepper motors. 
Using the encoder position 
information, the motor phases 
are enabled in the correct 
sequence. The commutator is 
fully programmable 
to 
encompass most motor/encoder 
combinations. In addition, 
phase overlap ahd phase 
advance can be programmed 
to 


impro've torque ripple and high 
speed performance. The HCTL- 
1100 contains a number of flags 
including two externally 
available flags, Profile and 
Initialization, 
which allow the 


user to see or check the status of 
the controller. It also has two 
emergency inputs, Limit and 
Stop, which allow operation of 
the HCTL-ll00 
to be 


interrupted 
under emergency 


conditions. 


The HCTL-llOO controller is a 
digitally sampled data system. 
While information from the host 
processor is accepted 
asynchronously 
with respect to 


the control functions, the motor 
command is computed on a 
discrete sample time basis. The 
sample timer is programmable. 
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Figure 
2. Operating 
Mode Flowchart 


Absolute 
Maximum 
Ratings 
Operating 
Temperature, 
TA 
•••••••••••••••••••••••••••••••••••••••••••• 
-20°C to 85°C 
Storage Temperature, 
Ts 
-55°C to 125°C 
Supply Voltage, VDD ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
-0.3 V to 7 V 
Input Voltage, VIN 
-0.3 V to VDD +0.3 V 
Maximum 
Operating 
Clock Frequency, 
feLK 
2 MHz 


DC Electrical Characteristics 
VDD = 5 V ± 5%; TA = -20°C to +85°C 


Parameter 
Symbol 
Mip. 
Typ. 
Max. 
Units 
Test 
Conditions 


Supply Voltage 
VDD 
4.75 
5.00 
5.25 
V 
, - 


Supply Current 
IDD 
15 
30 
mA 


Input Leakage 
Current 
IIN 
10 
100 
nA 
V1N= 0.00 and 5.25 V 


Input Pull-Up Current 
SYNC PIN 
Ipu 
-40 
-100 
llA 
VIN= 0.00 V 


Tristate 
Output 
Leakage 
Current 
Ioz 
10 
150 
nA 
VOUT= -0.3 to 5.25 V 


Input 
Low Voltage 
VIL 
-0.3 
0.8 
V 


Input 
High Voltage 
Vrn 
2.0 
VDD 
V 


Output 
Low Voltage 
VOL 
-0.3 
0.4 
V 
IOL= 2.2 mA 


Output 
High Voltage 
VOH 
2.4 
VDD 
V 
IOH= -200 llA 


Power Dissipation 
PD 
75 
165 
mW 


Input Capacitance 
CIN 
20 
pF 


Output 
Capacitance 
COUT 
100 
pF 
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AC Electrical Characteristics 
Vnn = 5 V ± 5%; TA= -20°C to +85°C; Units 
= nsec 


Clock Frequency 
Formula* 
2 MHz 
1 MHz 
ill 
# 
Signal 
Symbol 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


1 
Clock Period (elk) 
tCPER 
500 
1000 


2 
Pulse Width, Clock High 
tCPWH 
230 
300 


3 
Pulse Width, Clock Low 
tCPWL 
200 
200 
200 


4 
Clock Rise and Fall Time 
tCR 
50 
50 
50 


5 
Input Pulse Width Reset 
trnsT 
2500 
5000 
5 elk 


6 
Input Pulse Width Stop, Limit 
tIP 
600 
1100 
1 clk 
+ 100 ns 


7 
Input 
Pulse Width Index, Index 
tJ){ 
1600 
3100 
3 elk 
+ 100 ns 


8 
Input Pulse Width CHA, CHB 
tlAB 
1600 
3100 
3 elk 
+ 100 ns 


9 
Delay CHA to CHB Transition 
tAB 
600 
1100 
1 elk 
+ 100 ns 


10 
Input Rise/Fall 
Time CRA, CHB, 
Index 
tlABR 
450 
900 
900 (clk 
< 1 MHz) 


11 
Input Rise/Fall Time Reset, ALE, 
CS, DE, Stop, Limit 
trn 
50 
50 
50 


12 
Input Pulse Width ALE, CS 
tIPW 
80 
80 
80 


13 
Delay Time, ALE Fall to CS Fall 
tAC 
50 
50 
50 


14 
Delay Time, ALE Rise to CS Rise 
tCA 
50 
50 
50 


15 
Address 
Setup Time Before 


ALE Rise 
tASR1 
20 
20 
20 


16 
Address 
Setup Time Before CS 
tAsn 
20 
20 
20 
Fall 


17 
Write Data Setup Time Before 
CS Rise 
~sn 
20 
20 
20 


18 
AddresslData 
Hold Time 
~ 
20 
20 
20 


19 
Setup Time, RJW Before CS Rise 
twcs 
20 
20 
20 


20 
Hold Time, RJW Mter CS Rise 
twn 
20 
20 
20 


21 
Delay Time, Write Cyele, CS 
Rise to ALE Fall 
tCSAL 
1700 
3400 
3.4 elk 


22 
Delay Time, Read/Write, 
CS 
Rise to CS Fall 
tcscs 
1500 
3000 
3 elk 


23 
Write Cycle, ALE Fall to ALE 
Fall For Next Write 
twc 
1830 
3530 
3.7 elk 


Clock Frequency 
Fonnula* 
2 MHz 
1 MHz 
ill 
# 
Signal 
Symbol 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


24 
Delay Time, CS Rise to OE Fall 
tCSOE 
1700 
3200 
3 elk 
+ 200 ns 


25 
Delay Time, OE Fall to Data 
Bus Valid 
tOEDB 
100 
100 
100 


26 
Delay Time, CS Rise to Data 
Bus Valid 
tCSDB 
1800 
3300 
3 elk 
+ 300 ns 


27 
Input 
Pulse Width OE 
tIPWOE 
100 
100 
100 


28 
Hold Time, Data Held Mter 
OE Rise 
tnoEll 
20 
20 
20 


29 
Delay Time, Read Cycle, CS 
Rise to ALE Fall 
tCSALR 
1820 
3320 
3 elk 
+ 320 ns 


30 
Read Cycle, ALE Fall to ALE 
Fall For Next Read 
tRC 
1950 
3450 
3 elk 
+ 450 ns 


31 
Output 
Pulse Width, PROF, 


INIT, Pulse, Sign, PHA-PHD, 
MC Port 
tOF 
500 
1000 
1 clk 


32 
Output 
Rise/Fall 
Time, PROF, 
INIT, Pulse, Sign, PHA-PHD, 
MC Port 
tOR 
20 
150 
20 
150 
20 
150 


33 
Delay Time, Clock Rise to 
Output 
Rise 
tEP 
20 
300 
20 
300 
20 
300 


34 
Delay Time, CS Rising to MC 
Port Valid 
tCSMC 
1600 
3200 
3.2clk 


35 
Hold Time, ALE High Mer 
CS Rise 
tALU 
100 
100 
100 


36 
Pulse Width, ALE High 
tALPWH 
100 
100 
100 


37 
Pulse Width, SYNC Low 
tSYNC 
9000 
18000 
18 elk 


HCTL·ll00 I/O Timing Diagrams 
Input logic level values are the TTL Logic levels V IL = 0.8 V and V IH = 2.0 V. Output logic levels are VOL 
= 0.4 V and VOH = 2.4 V. 
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HCTL·ll00 I/O Timing Diagrams 
There are three different timing configurations which can be used to give the user flexibility to interface 
the HCTL-llOO to most microprocessors. 
See the I/O interface section for more details. 
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Pin Descriptions and Functions 
Input/Output 
Pins 


Pin Number 


Symbol 
PDIP 
PLCC 
Description 


ADO/DBO- 
2-7 
3-8 
AddresslData 
Bus - Lower 6 bits of 8-bit I/O port which are 
AD5/DB5 
multiplexed between address and data. 


DB6, DB7 
8,9 
9,10 
Data bus - Upper 2 bits of 8-bit I/O port used for data only. 


Pin Number 


Symbol 
PDlP 
PLCC 
Description 


CHNCHB 
31,30 
34,33 
Channel A, B - Input pins for position feedback from an incremental 
shaft encoder. Two channels, A and B, 90 degrees out ofpha'se are 
required. 


Index 
33 
36 
Index Pulse - Input from the reference or index pulse of an incre- 
mental encoder. Used only in conjunction with the Commutator 
Either 


a low or high true signal can be used with the Index pin. See Timing 
Diagrams and Encoder Interface section for more detail. 


RJW 
37 
41 
Read/Write - Determines direction of data exchange for the I/O port. 


ALE 
38 
42 
Address Latch Enable - Enables lower 6 bits of external data bus into 
internal address latch. 


CS 
39 
43 
Chip Select - Performs I/O operation dependent on status of RJWline. 
For a Write, the external bus data is written into the internal 
addressed location. For Read, data is read from an internal location 
into an internal output latch. 


OE 
40 
44 
Output Enable 
- Enables the data in the internal 
output latch onto the 
external data bus to complete a Read operation. 


Limit 
14 
15 
Limit Switch - An internal flag which when externally set, triggers an 
unconditional branch to the Initialization/Idle 
mode before the next 
control sample is executed. Motor Command is set to zero. Status of 
the Limit flag is monitored in the Status register. 


Stop 
15 
16 
Stop Flag - An internal flag that is externally set. When flag is set 
during Integral Velocity Control mode, the Motor Command is 
decelerated to a stop. 


Reset 
36 
40 
Reset - A hard reset of internal 
circuitry and a branch to Reset mode. 


ExtClk 
34 
37 
External Clock 


VDD 
11,35 
12,38 
Voltage Supply - Both VDD pins must be connected to a 5.0 volt supply. 


GND 
10,32 
1,11, 
Circuit Ground 
23,35 


SYNC 
1 
2 
Used to synchronize multiple HCTL-1100 sample timers. 


NC 
- 
17,39 
Not connected. These pins should be left floating. 
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Pin Number 


Symbol 
PDIP 
PLCC 
Description 


MCO-MC7 
18-25 
20-22, 
Motor Command Port - 8-bit output port which contains the digital 
24-28 
motor command adjusted for easy bipolar DAC interfacing. MC7 is 
the most significant bit (MSB). 


Pulse 
16 
18 
Pulse - Pulse width modulated signal whose duty cycle is proportional 
to the Motor Command magnitude. The frequency ofthe signal is 
External Clock/l00 and pulse width is resolved into 100 external clocks. 


Sign 
17 
19 
Sign - Gives the sign/direction of the pulse signal. 


PHA-PHD 
26-29 
29-32 
Phase A, B, C, D - Phase Enable outputs of the Commutator. 


Prof 
12 
13 
Profile Flag - Status flag which indicates that the controller is execut- 
ing a profiled position move in the Trapezoidal Profile Control mode. 


Init 
13 
14 
Initialization/Idle 
Flag - Status flag which indicates that the controller 
is in the Initialization/Idle 
mode. 


Pin Functionality 
SYNC Pin 
The SYNC pin is used to syn- 
chronize two or more ICs. It is 
only valid in the INITIIDLE 
mode (see Operating the HCTL- 
1100). When this pin is pulled 
low, the internal 
sample timer 
is cleared and held to zero. 
When the level on the pin is 
returned 
to high, the internal 
sample timer instantly 
starts 
counting down from the pro- 
grammed value. 


Connecting all SYNC pins 
together in the system and 
pulsing the SYNC signal from 
the host processor will syn- 
chronize all controllers. 


Limit Pin 
This emergency-flag input is 
used to disable the control 
modes of the HCTL-1100. A low 
level on this input pin causes 
the internal 
Limit flag to be set. 


If this pin is NOT used, it must 
be pulled up to VDO' If it is not 
connected, the pin could float 
low, and possibly trigger a false 
emergency condition. 


The Limit flag, when set in any 
control mode, causes the HCTL- 
1100 to go into the Initializa- 
tionlIdle mode, clearing the 
Motor Command and causing an 
immediate motor shutdown. 
When the Limit flag is set, none 
of the three control mode flags 
(FO,F3, or F5) are cleared as 
the HCTL-1100 enters the In- 
itializationlIdle 
mode. The user 
should be aware that these flags 
are still set before commanding 
the HCTL-1100 to re-enter one 
of the four control modes from 
Initialization/Idle 
mode. 


In general, the user should clear 
all control mode flags after the 
limit pin has been pulled low, 
then proceed. 


Stop Pin 
The Stop flag affects the HCTL- 
1100 only in the Integral 
Velocity Mode. 


When a low level is present on 
this emergency-flag input, the 
internal stop flag is set. If this 
pin is NOT used, it must be 
pulled up to VDO' If it is not 


connected, the pin could float 
low, and possibly trigger a false 
emergency condition. 


When the STOP flag is set, the 
system will come to a deceler- 
ated stop and stay in this mode 
with a command velocity of zero 
until the Stop flag is cleared 
and a new command velocity is 
specified. 


Notes on Limit and Stop 
Flags 
Stop and Limit flags are set by a 
low level input at their respec- 
tive pins. The flags can only be 
cleared when the input to the 
corresponding pin goes high, 
signifying that the emergency 
condition has been corrected, 
AND a write to the Status regis- 
ter (R07H) is executed. That is, 
after the emergency pin has 
been set and cleared, the flag 
also must be cleared by writing 
to R07H. Any word that is writ- 
ten to R07H after the emer- 
gency pin is set and cleared will 
clear the emergency flag. The 
lower four bits ofthat 
word will 
also reconfigure the Status 
register. 


Encoder 
Input 
Pins 
(CRA, 


CBB,INDEX) 
The HCTL-ll00 
accepts TTL 
compatible outputs from 2 and 3 
channel incremental 
encoders 
such as the HEDS-5XXX, 6XXX, 
and 9XXXseries encoders. 
Channels A and B are internally 
decoded into quadrature 
counts 
which increment or decrement 
the 24-bit position counter. For 
example, a 500-count encoder is 
decoded into 2000 quadrature 
counts per revolution. The 
position counter will be incre- 
mented when Channel B leads 
Channel A. The Index channel 
is used only for the Commutator 
and its function is to serve as a 
reference point for the internal 
Ring Counter. 


The HCTL-ll00 
employs an 
internal 3-bit state delay filter 
to remove any noise spikes from 
the encoder inputs to the HCTL- 
1100. This 3-bit state delay 
filter requires the encoder in- 
puts to remain stable for three 
consecutive clock rising edges 
for an encoder pulse to be 
considered valid by the HCTL- 
1100's actual position counter 
(i.e., an encoder pulse must 
remain at a logic level high or 
low for three consecutive clock 
rising edges for the HCTL- 
1100's actual position counter to 
be incremented 
or 
decremented.) The designer 
should therefore generally avoid 
creating the encoder pulses of 
less than 3 clock cycles. 


The index signal of an encoder 
is used in conjunction with the 
Commutator. 
It resets the 
internal ring counter which 
keeps track of the rotor position 
so that no cumulative errors are 
generated. 


The Index pin of the HCTL- 
1100 also has a 3-bit filter on its 
input. The Index pin is active 
low and level transition 
sensitive. 
It detects a valid high- 
to-low transition 
and qualifies 
the low input level through the 
3-bit filter. At this point, the 
Index signal is internally 
detected by the commutator 
logic. This type of configuraiton 
allows an Index or Index signal 
to be used to generate the 
reference mark for commutator 
operation as long as the AC 
specifications for the Index 
signal are met. 


Motor Command 
Port 
(MCO- 
MC7) 
The 8-bit Motor Command port 
consists of register R08H whose 
data goes directly to external 
pins MCO-MC7.MC7 is the 
most significant bit. R08H can 
be read and written to, however, 
it should be written to only 
during the InitializationlIdle 
mode. During any of the four 
Control modes, the controller 
writes the motor command into 
R08H. 


This topic is further discussed 
in the "Register Section" under 
"Motor Command Register 
R08H". 


Pulse Width Modulation 
(PWM) Output 
Port 
(Pulse, 
Sign) 
The PWM port consists ofthe 
Pulse and Sign pins. The PWM 
port outputs the motor 
command as a pulse width 
modulated signal with the 
correct polarity. This topic is 
further discussed in the 
"Register Section" under "PWM 
Motor Command Register 
R09H". 


Trapezoid 
Profile 
Pin (Prof) 
The Trapezoid Profile Pin is 
internally connected to software 
flag bit 4 in the Status Register. 
This flag is also represented 
by 
bit 0 in the Flag Register 
(ROOH).See the "Register 
Section" for more information. 
Both the Pin and the Flag 
indicate the status of a trape- 
zoid profile move. When the 
HCTL-ll00 
begins a trapezoid 
move, this flag is set by the 
controller (a high level appears 
on the pin), indicating the move 
is in progress. When the HCTL- 
1100 finishes the move, this flag 
is cleared by the controller. 


Note that the instant the flag is 
cleared may not be the same 
instant the motor stops. The 
flag indicates the completion of 
the command profile, not the 
actual profile. If the motor is 
stalled during the move, or can- 
not physically keep up with the 
move, the flag will be cleared 
before the move is finished. 


INITIIDLE 
Pin UNIT) 
This pin indicates that the 
HCTL-ll00 
is in the INIT/IDLE 
mode, waiting to begin control. 
This pin is internally connected 
to the software flag bit 5 in the 
Status Register R07H. This flag 
is also represented 
by bit 1 in 
the Flag Register (ROOH)(See 
the "Register Section" for more 
information). 


Commutator 
Pins (PHA- 
PHD) 
These pins are connected only 
when using the commutator of 
the HCTL-ll00 
to drive a 
brushless motor or step motor. 
The four pins can be 
programmed to energize each 
winding on a multiphase 
motor. 


• 


.... 


Operation of the 
HCTL·ll00 
accessible. These registers 
contain command and 
configuration information 
necessary to properly run the 
controller chip. The 35 user- 
accessible registers are listed in 
Tables 1 and 2. The register 
number is also the address. A 


functional block diagram of the 
HCTL-llOO which shows the 
role of the user-accessible 
registers is also included in 
Figure 3. The other 29 registers 
are used by the internal 
CPU as 


scratch registers and should not 
be accessed by the user. 


Registers 
The HCTL-llOO operation is 
controlled by a bank of64 8-bit 
registers, 35 of which are user 


POSITION 
PROFilE 
GENERATION 


INTEGRAL 
TRAPEZOIDAL 
VELOCITY 
PROFilE 


R27H ACCEl 
MSB fA27H 
ACCEl 
MSB 


R26H ACCEl 
LSB 
R26H 
ACCEL 
LSB 


R3CH 
COMMAND 
R2aH MAXIMUM 
VELOCITY 
VELOCITY 
A2BH FINAL 
PQS MSB 


A2AH 
FINAL 
POS 


R29'H FINAL 
POS lSB 


,---- 


••••• --C-:"O-N-:"F'-:"O-U-R-AT-'-O-N-...., 
J 


REGISTERS 
/" 
=:~ 
;~~~RRAE~I~~~~TER f'"- 


R07H 
STATUS 
REGISTER 
) 
I 
I 
I 
L 
'1 
A-;f B 


DIGITAL 
FILTER 


Dlz) 
:: ~:: 
::::::/ 


H20H A 
R21H 
B 
R22H 
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COMMUTATOR 
PORT 


RlaH 
RING 


R1AH 
X 


A1BH 
Y 


A lCH 
OFFSET 
R1FH MAX ADVANCE 
R19H VELOCITY 
TIMER 


8 " • POSITION 
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• TRAPEZOIDAL 
PROFilE 
MODE 


Register 
User 
Hex 
I 
Dec. 
Function 
Data 
Type[l) 
Access 


General 
Control 
ROOH 
ROOD 
Flag Register 
r/w 
R05H 
R05D 
Program 
Counter 
scalar 
r/w 
R07H 
R07D 
Status 
Register 
- 
r/w[2] 


ROFH 
RI5D 
Sample Timer 
scalar 
r/w 
RI2H 
RI8D 
Read Actual Position MSB 
2's Complement 
r(4) 


RI3H 
RI9D 
Read Actual Position 
2's Complement 
rl4ljwlSJ 


RI4H 
R20D 
Read Actual Position 
LSB 
2's Complement 
r14] 


RI5H 
R21D 
Preset Actual Position MSB 
2's Complement 
WIB) 


RI6H 
R22D 
Preset Actual Position 
2's Complement 
WIB] 


RI7H 
R23D 
Preset Actual Position LSB 
2's Complement 
W[B] 


Output 
Registers 
R07H 
R07D 
Sign Reversal 
Inhibit 
- 
r/w[2J 
R08H 
R08D 
8 bit Motor Command 
2's Complement+80H 
r/w 


R09H 
R09D 
PWM Motor Command 
2's Complement 
r/w 


Filter 
Registers 
R20H 
R32D 
Filter Zero, A 
scalar 
r/w 
R2IH 
R33D 
Filter Pole, B 
scalar 
r/w 
R22H 
R34D 
Gain,K 
scalar 
, 
r/w 


Commutator 
Registers 
R07H 
R07D 
Status 
Register 
- 
r/w[2J 
RI8H 
R24D 
Commutator 
Ring 
scalar[6.7J 
r/w 


RI9H 
R25D 
Velocity Timer 
scalar 
w 


RIAH 
R26D 
X 
scalarl6.7) 
r/w 


RlBH 
R27D 
Y Phase Overlap 
scalarl6.7) 
r/w 
RICH 
R28D 
Offset 
2's Complement[7] 
r/w 
RIFH 
R31D 
Max. Phase Advance 
scalarI6.7] 
r/w 


Position 
Control 
Mode 


ROOH 
ROOD 
Flag Register 
- 
r/w 
RI2H 
RI8D 
Read Actual Position MSB 
2's Complement 
rl4J 


RI3H 
RI9D 
Read Actual Position 
2's Complement 
rl4}/WIS] 


RI4H 
R20D 
Read Actual Position 
LSB 
2's Complement 
rl4J 
ROCH 
RI2D 
Command 
Position MSB 
2's Complement 
r/w(3) 
RODH 
RI3D 
Command 
Position 
2's Complement 
r/wl3J 
ROEH 
RI4D 
Command 
Position LSB 
2's Complement 
r/w[3J 


I 


Register 
I 
User 
Hex 
I 
Dec. 
I 
Function 
Data 
Type 
Access 


Trapezoid 
Profile 
Control 
Mode 


ROOH 
ROOD 
Flag Register 
- 
r/w 
R07H 
R07D 
Status 
Register 
- 
r/w[2J 


R12H 
R18D 
Read Actual Position MSB 
2's Complement 
r[4) 


R13H 
R19D 
Read Actual Position 
2's Complement 
r[4]/w[5J 


R14H 
R20D 
Read Actual Position LSB 
2's Complement 
r[4J 


R29H 
R41D 
Final Position 
LSB 
2's Complement 
r/w 


R2AH 
R42D 
Final Position 
2's Complement 
r/w 
R2BH 
R43D 
Final Position MSB 
2's Complement 
r/w 


R26H 
R38D 
Acceleration 
LSB 
scalar 
r/w 


R27H 
R39D 
Acceleration 
MSB 
scalar[6] 
r/w 
R28H 
R40D 
Maximum 
Velocity 
scalar[6J 
r/w 


Integral 
Velocity 
Mode 
ROOH 
ROOD 
Flag Register 
- 
r/w 
R12H 
R18D 
Read Actual Position MSB 
2's Complement 
r[4) 


R13H 
R19D 
Read Actual Position 
2's Complement 
y-l4J/W[5J 


R14H 
R20D 
Read Actual Position LSB 
2's Complement 
r[4) 
R26H 
R38D 
Acceleration 
LSB 
scalar 
r/w 
R27H 
R39D 
Acceleration 
MSB 
scalar[6J 
r/w 
R3CH 
R60D 
Command 
Velocity 
2's Complement 
r/w 


Proportional 
Velocity 
Mode 
ROOH 
ROOD 
Flag Register 
- 
r/w 
R12H 
R18D 
Read Actual Position MSB 
2's Complement 
r[4J 
R13H 
R19D 
Read Actual Position 
2's Complement 
y-l4J/W[5J 
R14H 
R20D 
Read Actual Position LSB 
2's Complement 
r[4J 


R23H 
R35D 
Command 
Velocity LSB 
2's Complement 
r/w 


R24H 
R36D 
Command 
Velocity MSB 
2's Complement 
r/w 


R34H 
R52D 
Actual Velocity LSB 
2's Complement 
r 
R35H 
R53D 
Actual Velocity MSB 
2's Complement 
r 


Notes: 
1. Consult 
appropriate 
section for data format and use. 
2. Upper 4 bits arc read only. 
3. Writing 
1.0 ROEH (LSB) latches 
all 24 bits. 
4. Reading RI4H (LSB) latches 
data in RI2H 
and RI3H. 


5. Writing 
to RI3H clears Actual Position Counter 
to zero. 


6. The scalar data is limited to positive numbers 
(DOHto 7FH). 
7. The commutator 
registers 
(RI8H, RICH, RIFH) 
have further 
limits which arc discussed 
in the Commutator 
section of this 


data sheet. 


8. Writing to RI7H 
(R23D) latches 
all 24 bits (only in INITIIDLE 
mode). 


Register 
User 
Hex 
Dec. 
Function 
Mode 
Used 
Data 
Type 
Access 


ROOH 
ROOD 
Flag Register 
All 
- 
r/w 
R05H 
R05D 
Program 
Counter 
All 
scalar 
w 
R07H 
R07D 
Status 
Register 
All 
- 
r/wl2! 
R08H 
R08D 
8 bit Motor Command 
Port 
All 
2's complement 
+80H 
r/w 
R09H 
R09D 
PWM Motor Command 
Port 
All 
2's complement 
r/w 
ROCH 
RI2D 
Command 
Position 
(MSB) 
All except Proportional 
2's complement 
r/wl3! 
Velocity 
RODH 
RI3D 
Command 
Position 
All except Proportional 
2's complement 
r/wl3l 
Velocity 
ROEH 
RI4D 
Command 
Position 
(LSB) 
All except Proportional 
2's complement 
r/wl3l 
Velocity 
ROFH 
RI5D 
Sample 
Timer 
All 
scalar 
r/w 
RI2H 
RI8D 
Read Actual Position 
(MSB) 
All 
2's complement 
rl'! 
RI3H 
RI9D 
Read Actual Position 
All 
2's complement 
rl'!/W[5l 
RI4H 
R20D 
Read Actual Position 
(LSB) 
All 
2's complement 
rl'! 
RI5H 
R21D 
Preset 
Actual Position 
(MSB) 
IN IT/IDLE 
2's complement 
wlg] 
RI6H 
R22D 
Preset 
Actual Position 
IN IT/IDLE 
2's complement 
wlg! 
RI7H 
R23D 
Preset 
Actual Position 
(LSB) 
IN IT/IDLE 
2's complement 
wlg! 
RI8H 
R24D 
Commutator 
Ring 
All 
scalarl6,7] 
r/w 
RI9H 
R25D 
Commutator 
Velocity Timer 
All 
scalar 
w 
RIAH 
R26D 
X 
All 
scalarl6] 
r/w 
RlBH 
R27D 
Y Phase 
Overlap 
All 
scalarl6l 
r/w 
RICH 
R28D 
Offset 
All 
2's complement!7! 
r/w 
RIFH 
R31D 
Maximum 
Phase 
Advance 
All 
scalarl6,7] 
r/w 
R20H 
R32D 
Filter 
Zero, A 
All except Proportional 
scalar 
r/w 
Velocity 
R21H 
R33D 
Filter 
Pole, B 
All except Proportional 
scalar 
r/w 
Velocity 
R22H 
R34D 
Gain, K 
All 
scalar 
r/w 
R23H 
R35D 
Command 
Velocity (LSB) 
Proportional 
Velocity 
2's complement 
r/w 
R24H 
R36D 
Command 
Velocity (MSB) 
Proportional 
Velocity 
2's complement 
r/w 
R26H 
R38D 
Acceleration 
(LSB) 
Integral 
Velocity and 
scalar 
r/w 
Trapezoidal 
Profile 
R27H 
R39D 
Acceleration 
(MSB) 
Integral 
Velocity and 
scalarl6! 
r/w 
Trapezoidal 
Profile 
R28H 
R40D 
Maximum 
Velocity 
Trapezoidal 
Profile 
scalarl6! 
r/w 
R29H 
R41D 
Final 
Position 
(LSB) 
Trapezoidal 
Profile 
2's complement 
r/w 
R2AH 
R42D 
Final 
Position 
Trapezoidal 
Profile 
2's complement 
r/w 
R2BH 
R43D 
Final 
Position 
(MSB) 
Trapezoidal 
Profile 
2's complement 
r/w 
R34H 
R52D 
Actual Velocity (LSB) 
Proportional 
Velocity 
2's complement 
r 
R35H 
R53D 
Actual Velocity (MSB) 
Proportional 
Velocity 
2's complement 
r 
R3CH 
R60D 
Command 
Velocity 
Integral 
Velocity 
2's complement 
r/w 


Notes: 
1. Consult 
appropriate 
section for data format and use. 
2. Upper 4 bits are read only. 
3. Writing 
to ROEH (LSB) latches 
all 24 bits. 


4. Reading 
R14H (LSB) latches 
data in R12H and R13H. 


5. Writing 
to R13H clears Actual Position 
Counter 
to zero. 
6. The scalar 
data is limited to positive numbers 
(OOHto 7FH). 
7. The commutator 
registers 
(R18H, R1CH, R1FH) have further 
limits which are discussed 
in the Commutator 
section of this 
data sheet. 


8. Writing 
to R17H (R23D) latches 
all 24 bits (only in INITIIDLE 
mode). 


• 
.... 


Register Descriptions - 
General Control, 
Output, Filter, and 
Commutator 


Flag Register 
(ROOH) 
The Flag register contains flags 
FO through F5. This register is 
a read/write register. Each flag 
is set and cleared by writing an 
8-bit data word to ROOR.When 
writing to ROOH,the upper four 
bits are ignored by the HCTL- 
1100, bits 0,1,2 specify the flag 
address, and bit 3 specifies 
whether to set (bit=l) or clear 
(bit=O) the addressed flag. 


Flag Descriptions 
FO-Trapezoidal 
Profile Flag- 
set by the user to execute 
Trapezoidal Profile Control. The 
flag is reset by the controller 
when the move is completed. 
The status of FO can be 
monitored at the Profile pin and 
in Status register R07H bit 4. 


F1-Initialization/Idle 
Flag - set/ 
cleared by the HCTL-1100 to 
indicate execution ofthe 
Initialization/Idle 
mode. The 
status ofF1 can be monitored at 
the Initialization/Idle 
pin and in 
bit 5 of the Status register 
(R07H). The user should not 
attempt to set or clear FI. 


F2-Unipolar 
Flag - set/cleared 
by the user to specify Bipolar 
(clear) or Unipolar (set) mode 
for the Motor Command port. 


F3-Proportional 
Velocity 
Control Flag - set by the user to 
specify Proportional Velocity 
control. 


F4-Hold Commutator flag - set/ 
cleared by the user or auto- 
matically by the Align mode. 
When set, this flag inhibits the 
internal commutator 
counters to 


allow open loop stepping of a 
motor by using the commutator. 
(See "Offset register" 
description in the "Commutator 
section.") 


F5-Integral 
Velocity Control- 
set by the user to specify 
Integral Velocity Control. Also 
set and cleared by the HCTL- 
1100 during execution ofthe 
Trapezoidal Profile mode. This 
is transparent 
to the user except 


when the Limit flag is set (see 
"Emergency Flags" section). 


Writing 
to the Flag Register 
When writing to the flag 
register, only the lower four bits 
are used. Bit 3 indicates 
whether to set or clear a certain 
flag, and bits O,I,and 2 indicate 
the desired flag. The following 
table shows the bit map of the 
Flag register: 


Bit Number 
Function 
7-4 
Don't Care 
3 
1 = set 
0= clear 
2 
AD2 
1 
AD! 
0 
ADO 


The following table outlines the 
possible writes to the Flag 
Register: 


Flag 
SET 
CLEAR 
Fo 
08H 
OOH 
F1 
- 
- 
F2 
OAH 
02H 
F3 
OBH 
03H 
F4 
OCH 
04H 
F5 
ODH 
05H 


Reading 
the Flag Register 
Reading register ROOHreturns 
the status ofthe flags in bits 0 
to 5. For example, if bit 0 is set 
(logic 1), then flag FOis set. If 
bit 4 is set, then flag F4 is set. If 


bits 0 and 5 are set, then both 
flags FO and F5 are set. 


The following table outlines the 
Flag Register Read: 


Flag 
Bit 
(l = set) 
Number 
(0 = clear) 
8-6 
Don't Care 
5 
F5 
4 
F4 


3 
F3 


2 
F2 


, 


1 
F1 
0 
FO 


Notes: 
1. A soft reset (writing 
ooH to R05H) 


will not reset the flags in the flag reg- 
ister. A hard reset (RESET pin low) 
is required 
to reset all the flags. The 


flags can also be reset by writing the 
proper word to the Flag register 
as 


explained 
above. 
2. While in Trapezoid 
Profile Mode, 


Flag FO will be set, and Flag F5 may 
be set. F5 is used for internal 
pur- 
poses. Both flags will be cleared at 
the end of the profile. 


Program 
Counter 
Register 
(R05H) 
The Program Counter, which is 
a write-only register, executes 
the preprogrammed 
functions of 
the controller. The program 
counter is used along with the 
control flags FO, F3, and F5 in 
the Flag register (ROOH) to 
change control modes. The user 
can write any of the following 
four commands to the Program 
Counter. 


Value 
written 
to R05H 
Action 
OOH 
Software Reset 
om 
Enter Init/Idle Mode 


02H 
Enter Align Mode 
(only from INIT/ 
IDLE Mode) 
03H 
Enter Control Mode 
(only from INIT/ 
IDLE Mode) 


These Commands are discussed 
in more detail in the "Operating 
Modes" section. 


Status 
Register 
(R07H) 
The Status register indicates 
the status of the HCTL-llOO. 
Each bit decodes into one signal. 
All S bits are user readable and 
are decoded as shown below. 
Only the lower 4 bits can be 
written to by the user to 
configure the HCTL-llOO. To 
set or clear any of the lower 4 
bits, the user writes an S-bit 
word to R07H. The upper 4 bits 
are ignored. Each of the lower 4 
bits directly sets/clears the 
corresponding bit of the Status 
register as shown below. For 
example, writing XXXXO101 to 
R07H sets the PWM Sign 


Reversal Inhibit, sets the 
Commutator Phase 
Configuration to "3 Phase", and 
sets the Commutator Count 
Configuration to "full". 


Motor Command 
Register 
(ROSH) 
The S-bit Motor Command Port 
consists of register ROSH.The 
register is connected to external 
pins MCO-MC7.MC7 is the 
most significant bit. ROSHcan 
be read and written to; however, 
it should be written to only in 
the Initialization/Idle 
mode. 
During any ofthe four control 
modes, the HCTL-llOO writes 
values to register ROSH. 


The Motor Command Port 
operates in two modes, bipolar 


Status 
Bit 
Function 


0 
PWM Sign Reversal Inhibit 
0= off 
1 = on 


1 
Commutator 
Phase Configuration 
0= 3 phase 
1 = 4 phase 


2 
Commutator 
Count Configuration 
o = quadrature 
1 = full 


3 
Should always be set to 0 


4 
Trapezoidal Profile Flag FO 
1 = in Profile Control 


5 
Initialization/Idle 
Flag F1 
1 = in Initialization/Idle 
Mode 


6 
Stop Flag 
o = set (Stop triggered) 
1 = cleared (no Stop) 


7 
Limit Flag 
o = set (Limit triggered) 
1 = cleared (no Limit) 


and unipolar, when under 
control of internal 
software. 
Bipolar mode allows the full 
range of values in ROSH(-12SD 
to +127D). The data written to 
the Motor Command Port by the 
control algorithms is the 
internally 
computed 2's- 
complement motor command 
with an SOHoffset added. This 
allows direct interfacing to a 
DAC. Connecting the Motor 
Command Port to a DAC, 
Bipolar mode allows the full 
voltage swing (positive and 
negative). 


Unipolar mode functions such 
that with the same DAC circuit, 
the motor command output is 
restricted to positive values 
(SOH to FFH) when in a control 
mode. Unipolar m~de is used 
with multi-phase 
motors when 
the commutator controls the 
direction of movement. (If 
needed, the Sign pin could be 
used to indicate direction). In 
Unipolar mode, the user can 
still write a negative value to 
R08H in INIT/IDLE mode. 


Unipolar mode or Bipolar mode 
is programmed by setting or 
clearing flag F2 in the Flag 
Register ROOH. 


Internally, 
the HCTL-llOO 
operates on data of24, 16 and 
8-bit lengths to produce the 
8-bit motor command, available 
externally. Many times the 
computed motor command will 
be greater than 8 bits. At this 
point, the motor command is 
saturated 
by the controller. The 
saturated 
value output by the 
controller is not the full scale 
value OOH(OOD),or FFH 


(2550). The saturated 
value is 
adjusted to OFH (150) (negative 
saturation) 
and FOH (240D) 
(positive saturation). 
Saturation 
levels for the Motor Command 
port are in Figure 4. 


PWM Motor Command 
Register 
(R09H) 
The PWM port outputs the 
motor command as a pulse 
width modulated 
signal with 
the correct sign of polarity. The 
PWM port consists ofthe Pulse 
and Sign pins and R09H. 


The PWM signal at the Pulse 
pin has a frequency of External 
Clock/lOO and the duty cycle is 
resolved into the 100 clocks. 
(For example, a 2 MHz clock 
gives a 20 KHz PWM 
frequency). 


The Sign pin gives the polarity 
ofthe command. Low output on 
Sign pin is positive polarity. 


The 2's-complement contents of 
R09H determine the duty cycle 
and polarity of the PWM 


command. For example, D8H 
(-40D) gives a 40% duty cycle 
signal at the Pulse pin and 
forces the Sign pin high. Data 
outside the 64H (+1000) to 9CH 
(-100D) linear range gives 100% 
duty cycle. R09H can be read 
and written to. However, the 
user should only write to R09H 
when the controller is in the 
Initialization/Idle 
mode. 


Figure 5 shows the PWM output 
versus the internal 
motor 
command. 


BOTH 
BIPOLAR 


- 
AND UNIPOLAR 
OPERATION 
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FILTER 
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140H) 
(70H) 
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(2's COMPLEMENT) 


(-I 
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COMMAND 
00 
192D 
2400 
2550 
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COMMAND 


OUTPUT 
lOOHI 
(eCHI 
(FOH) 
(FFHI 
OUTPUT 


[2'5 COMPLEMENT 
+80H) 
(2'5 COMPLEMENT 
+80H! 


When any Control mode is being 
executed, the unadjusted 
internal 
2's-complement 
motor 
command is written to R09H. 
Because of the hardware 
limit 
on the linear range (64H to 
9CH, ±lOOO), the PWM port 
saturates 
sooner than the 8-bit 
Motor Command port (OOHto 
FFH, +1270 to -1280). 
When 
the internal 
motor command 
saturates 
above 8 bits, the PWM 
port is saturated 
to the full 
±lOO% duty cycle level. Figure 5 


shows the actual values inside 
the PWM port. Note that the 
Unipolar flag, F2, does not 
affect the PWM port. 


For commutation 
of brush less 
motors with the PWM port, only 
use the Pulse pin from the PWM 
port as the commutator 
already 
contains sign information. 
(See 
Figure 9.) 


The PWM port has an option 
that can be used with H-bridge 


type amplifiers. The option is 
Sign Reversal Inhibit, which 
inhibits the Pulse output for one 
PWM period after a sign 
polarity reversal. This allows 
one pair of transistors 
to turn 
off before others are turned on 
and thereby avoids a short 
across the power supply. Bit 0 
in the Status register (R07H) 
controls the Sign Reversal 
Inhibit option. Figure 6 shows 
the output of the PWM port 
when Bit 0 is set. 
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Actual Position Registers 
Read, Clear: R12H,R13H,R14H 
Preset: 
R15H,R16H,R17H 


The Actual Position Register is 
accessed by two sets of registers 
in the HCTL-llOO. When 
reading the Actual Position 
from the HCTL-llOO, the host 
processor will read Registers 
R12H(MSB), R13H, and 
R14H(LSB). When presetting 
the Actual Position Register, the 
processor will write to Registers 
R15H(MSB), R16H, and 
R17H(LSB). 


When reading the Actual 
Position registers, the order 
should be R14H, R13H, R12H. 
These registers are latched, 
such that, when reading 
Register R14H, all three bytes 
will be latched so that count 
data does not change while 
reading three separate bytes. 


When presetting 
the Actual 
Position Register, write to R15H 
and R16H first. When R17H is 
written to, all three bytes are 
simultaneously 
loaded into the 


Actual Position Register. 


Note that presetting 
the Actual 
Position Registers is only 
allowed while the HCTL-llOO is 
in INIT/IDLE mode. 


The Actual Position Registers 
can be simultaneously 
cleared 
at any time by writing any 
value to R13H. 


Digital Filter Registers 
Zero (A) 
R20H 
Pole (B) 
R21H 
Gain (K) R22H 


All control modes use some part 
of the programmable 
digital 
filter D(z) to compensate for 
closed loop system stability. The 
compensation D(z) has the form: 


K [z-~ J 
'. 
256 


D(z) = 4 [z + ~ 
J 


256 


where: 


z = the digital domain operator 
K = digital filter gain (R22H) 
A = digital filter zero (R20H) 
B = digital filter pole (R21H) 


The compensation is a first-order 
lead filter which in combination 
with the Sample Timer T 
(ROFH) affects the dynamic step 
response and stability ofthe 
control system. The Sample 
Timer, T, determines the rate at 
which the control algorithm gets 
executed. All parameters, 
A, B, 
K, and T, are 8-bit scalars that 
can be changed by the user any 
time. 


As shown in equations [2] and 
[3], the digital filter uses 
previously sampled data to 
calculate D(z). This old 
internally sampled data is 
cleared when the Initialization! 
Idle mode is executed. 


In Position Control, Integral 
Velocity Control, and Trape- 
zoidal Profile Control the digital 
filter is implemented 
in the time 


domain as shown below: 


MCn = (KJ4)(X,) - 
[(N256)(KJ4)(Xn-l)+ 
(B/256)(MCn)] 
[2] 


where: 


n = current sample time 
n-1 = previous sample time 
MCn = Motor Command 
Output at n 
MCn_1= Motor Command 
Output at n-1 
Xn= (Command Position - 
Actual Position) at n 
Xn_1= (Command Position - 
Actual Position) at n-1 


In Proportional Velocity control 
the digital compensation filter is 
implemented in the time 
domain as: 


Yn= (Command Velocity- 
Actual Velocity) at n 


For more information on system 
sampling times, bandwidth, 
and 


stability, please consult 
Hewlett-Packard 
Application 
Note 1032, Design of the HCTL- 
1000's Digital Filter Parameters 
by the Combination 
Method. 


Sample 
Timer 
Register 
(ROFH) 
The contents of this register set 
the sampling period ofthe 
HCTL-1100. The sampling 
period is: 


t = 16(T+1)(l/frequency 
ofthe 
external clock) 
[4] 


where: 
T = contents of register ROFH 


The Sample Timer has a limit 
on the minimum allowable 
sample time depending on the 
control mode being executed. 
The limits are given in Table 4 
below. 


The minimum value limits are 
to make sure the internal pro- 
grams have enough time to com" 
plete proper execution. 


The maximum value ofT (ROFH) 
is FFH (255D). With a 2 MHz 
clock, the sample time can vary 
from 64 Ilsec to 2048 Ilsec. With 
a 1 MHz clock, the sample time 
can vary from 128 Ilsec to 4096 
Ilsec. 


Digital closed-loop systems with 
slow sampling times have lower 
stability and a lower bandwidth 
than similar systems with faster 
sampling times. To keep the 
system stability and bandwidth 
as high as possible the HCTL- 
1100 should typically be 


programmed with the fastest 
sampling time possible. This 
rule of thumb must be balanced 
by the needs ofthe velocity 
range to be controlled. Velocities 
are specified to the HCTL-1100 
in terms of quadrature 
encoder 
counts per sample time. The 
faster the sampling time, the 
higher the slowest possible 
speed. 


Hardware 
Description 
The Sample Timer consists of a 
buffer and a decrement counter. 
Each time the counter reaches 
OOH,the Sampler Timer Value 
T (value written to ROFH) is 
loaded from the buffer into the 
counter, which immediately 
begins to decrement from T. 


Writing 
to the Sample 
Timer 
Register 
Data written to ROFH will be 
latched into the internal buffer 
and used by the counter after it 
completes the present sample 
time cycle by decrementing 
to 
OOH.The next sample time will 
use the newly written data. 


Reading 
the Sample 
Timer 
Register 
Reading ROFH gives the values 
directly from the decrementing 
counter. Therefore, the data 
read from ROFH will have a 
value anywhere between T and 
OOH,depending where in the 
sample time cycle the counter is. 


ROFH Contents 
Control 
Mode 
Minimum 
Limit 


Position Control 
07H(07D) 


Proportional Velocity Control 
07H(07D) 


Trapezoidal 
Profile Control 
OFH(15D) 


Integral Velocity Control 
OFH(15D) 
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Example- 
1. On reset, the value of the 
timer is pre-set to 40H. 


2. Reading ROFH shows 
3EH . . . 2BH.. . . 08H . 
3CH ... 


Synchronizing 
Multiple 
Axes 
Synchronizing 
multiple axes 
with HCTL-1100s can be 
achieved by using the SYNC pin 
as explained in the Pin Discus- 
sion section. Some users may 
not only want to synchronize 
several HCTL-1100s but also 
follow custom profiles for each 
axis. To do this, the user may 
need to write a new command 
position or command velocity 
during each sample time for the 
duration of the profile. In this 
case, data written to the HCTL- 
1100 has to be coordinated with 
the Sample Timer. This is so 
that only one command position 
or velocity is received during 
anyone 
sample period, and that 
it is written at the proper time 
within a sample period. 


At the beginning of each sample 
period, the HCTL-1100 is 
performing calculations 
and 
executions. New command 
positions and velocities should 
not be written to the HCTL- 
1100 during this time. If they 
are, the calculations may be 
thrown off and cause 
unpredictable 
control. 


The user can read the Sample 
Timer Register to avoid writing. 
too early during a sample 
period. Since the Sample Timer 
Register continuously counts 
down from its programmed 
value, the user can check if 
enough time has passed in the 
sample period to insure the 
completion of the internal 
calculations. The length of time 
needed by the HCTL-1100 to do 


its calculations is given by the 
Minimum Limits ofROFH 
(Sample Timer Register) as 
shown in Table 4. For Position 
Control Mode, the user should 
wait for the Sample Timer to 
count down 07H from its 
programmed value before 
writing the next command 
position or velocity. If the 
programmed 
sample timer 
value is 39H, wait until the 
Sample Timer Register reads 
32H. Writing between 32H and 
OOHwill make the command 
information available for the 
next sample period. 


Commutator 
Status Register 
Commutator Ring 
X Register 
Y Phase Overlap 
Offset 
Max. Phase Advance 
Velocity Timer 


(R07H) 
(RI8H) 
(RIAH) 
(RlBH) 
(RICH) 
(RIFH) 
(R19H) 


The commutator is a digital 
state machine that is configured 
by the user to properly select 
the phase sequence for 
electronic commutation 
of 
multiphase 
motors. The 
Commutator is designed to work 
with 2, 3, and 4-phase motors of 
various winding configurations 
and with various encoder 
counts. Along with providing 
the correct phase enable 
sequence, the Commutator 
provides programmable 
phase 
overlap, phase advance, and 
phase offset. 


Phase overlap is used for better 
torque ripple control. It can also 
be used to generate unique state 
sequences which can be further 
decoded externally to drive 
more complex amplifiers and 
motors. 


Phase advance allows the user 
to compensate for the frequency 
characteristics 
of the motor/ 
amplifier combination. By 
advancing the phase enable 
command (in position), the 
delay in reaction of the motor/ 
amplifier combination can be 
offset and higher performance 
can be achieved. 


Phase offset is used to adjust 
the alignment of the 
commutator 6utput with the 
motor torque curves. By 
correctly aligning the HCTL- 
1100's commutator output with 
the motor's torque curves, 
maximum motor output torque 
can be achieved. 


The inputs to the Commutator 
are the three encoder signals, 
Channel A, Channel B, and 
Index, and the configuration 
data stored in registers. 


The Commutator 
uses both 
channels and the index pulse of 
an incremental 
encoder. The 
index pulse of the encoder must 
be physically aligned to a known 
torque curve location because it 
is used as the reference point of 
the rotor position with respect 
to the Commutator 
phase 
enables. 


The index pulse should be 
permanently 
aligned during 
motor encoder assembly to the 
last motor phase. This is done 
by energizing the last phase of 
the motor during assembly and 
permanently 
attaching the 
encoder codewheel to the motor 
shaft such that the index pulse 
is active as shown in Figures 7 
and 8. Fine tuning of alignmen t 
for commutation purposes is 
done electronically by the Offset 
register (RICH) once the 
complete control system is set 
up. 


----PHA 
-------PHB 
---PHC 
----PHO 


Each time an index pulse 
occurs, the internal 
commutator 
ring counter is reset to O.The 
ring counter keeps track of the 
current position of the rotor 
based on the encoder feedback. 
When the ring counter is reset 
to 0, the Commutator 
is reset to 
its origin (last phase going low, 
Phase A going high) as shown in 
Figure 10. 


and PHD. The HCTL-llOO's 
commutator 
acts as the 
electrical equivalent 
of the 
mechanical brushes in a motor. 
Therefore, the outputs of the 
commutator 
provide only proper 
phase sequencing for 
bidirectional 
operation. The 
magnitude 
information 
is 
provided to the motor via the 
Motor Command and PWM 
ports. The outputs ofthe 
commutator 
must be combined 
with the outputs of one of the 
The output of the Commutator 
is 
available as PHA, PHB, PHC, 
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HCTl-"OO 
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motor ports to provide proper 
DC brushless 
and stepper motor 
control. Figure 9 shows an 
example of circuitry which uses 
the outputs of the commutator 
with the Pulse output of the 
PWM port to control a DC 
brushless 
or stepper motor. A 
similar procedure could be used 
to combine the commutator 
outputs PHA-PHD with a linear 
amplifier interface output 
(Figure 16) to create a linear 
amplifier system. 
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The Commutator 
is pro- 
grammed by the data in the 
following registers. Figure 10 
shows an example of the 
relationship 
between all the 
parameters. 


Status Register 
(R07H) 
Bit #1- 0 = 3-phase configura- 
tion, PHA, PHB, and 
PHC are active 
outputs. 


1 = 4-phase configura- 
tion, PHA - PHD 
are active outputs. 


Bit #2- 0 = Rotor position 
measured in quad- 
rature counts 
(4x decoding). 
1 = Rotor position 
measured in full 
counts (l count = 1 
codewheel bar and 
space.) 


Bit #2 only affects the 
<;ommutator's counting method. 
This includes the Ring register 
(R18H), the X and Y registers 
(R1AH & RlBH), the Offset 
register (RICH), the Velocity 
Timer register (R19H), and the 
Maximum Advance register 
(R1FH). 


Quadrature 
counts (4x decoding) 
are always used by the HCTL- 
1100 as a basis for position, 
velocity, and acceleration 
control. 


Ring Register 
(R18H) 
The Ring register is defined as 1 
electrical cycle of the 
commutator which corresponds 
to 1 torque cycle ofthe motor. 
The Ring register is scalar and 
determines the length of the 
commutation cycle measured in 
full or quadrature 
counts as set 
by bit #2 in the Status register 
(R07H). The value of the ring 
must be limited to the range of 
o to 7FH. 


X Register 
(RIAH) 
This register contains scalar 
data which sets the interval 
during which only one phase is 
active. 


Y Register 
(RlBH) 
This register contains scalar 
data which set the interval 
during which two sequential 
phases are both active. Y is 
phase overlap. X and Y must be 
specified such that: 


These three parameters 
define 
the basic electrical commutation 
cycle. 


Offset Register 
(RICH) 
The Offset register contains 
two's-complement data which 
determines the relative start of 
the commutation cycle with 
respect to the index pulse. Since 
the index pulse must be 
physically referenced to the 
rotor, offset performs fine 
alignment between the 
electrical and mechanical torque 
cycles. 


The Hold Commutator flag (F4) 
in the Status register (R07H) is 
used to decouple the internal 
commutator counters from the 
encoder input. Flag (F4) can be 
used in conjunction with the 
Offset register to allow the user 
to advance the commutator 
phases open loop. This 
technique may be used to create 
a custom commutator alignment 
procedure. For example, in 
Figure 10, case 1, for a three- 
phase motor where the ring = 9, 
X = 3, and Y = 0, the phases can 
be made to advance open loop 
by setting the Hold Commutator 
flag (F4) in the Flag register 
(R07H). When the values 0, 1, or 
2 are written to the Offset 
register, phase A will be 
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enabled. When the values 3, 4 
or 5 are written to the Offset 
register, phase B will be 
enabled. And, when the values 
6,7, or 8 are written to the 
Offset register, phase C will be 
enabled. No values larger than 
the value programmed into the 
Ring register should be 
programmed into the Offset 
register. 


Phase Advance Registers 
(RI9H, RIFH) 
The Velocity Timer register and 
Maximum Advance register 
linearly increment the phase 
advance according to the 
measured speed for rotation up 
to a set maximum. 


The Velocity Timer register 
(R19H) contains scalar data 
which determines the amount of 
phase advance at a given 
velocity. The phase advance is 
interpreted 
in the units set for 
the Ring counter by bit #2 in 
R07H. The velocity is measured 
-in revolutions per second. 


16 (R19H + 1) 
where: L'.t= ----- 
[7] 
f external clk 


Nf = full encoder counts/ 
revolution. 
v = velocity (revolutions/second) 


The Maximum Advance register 
(R1FH) contains scalar data 
which sets the upper limit for 
phase advance regardless 
of 
rotor speed. 


Figure 11 shows the 
relationship 
between the Phase 


Advance registers. Note: Ifthe 
phase advance feature is not 
used, set both R19H and RIFH 
to O. 


Commutator 
Constraints and Use 
When choosing a three-channel 
encoder to use with a DC 
brushless 
or stepper motor, the 
user should keep in mind that 
the number of quadrature 
encoder counts (4x the number 
of slots in the encoder's 
codewheel) must be an integer 
multiple (lx, 2x, 3x, 4x, 5x, etc.) 
of the number of pole pairs in 
the DC brushless motor or steps 
in a stepper motor. To take full 
advantage of the commutator's 
overlap feature, the number of 
quadrature 
counts should be at 
least 3 times the number of pole 
pairs in the DC brush less motor 
or steps in the stepper motor. 
For example, a 1.8°, (200 step/ 
revolution) stepper motor 
should employ at least a 150 


ADVANCE 
(COUNTS) 


MAX 
ADVANCE 


slot codewheel = 600 quadrature 
counts/revolution 
= 3 x 200 
steps/revolution). 


There are several numerical 
constraints 
the user should be 
aware ofto use the Commutator. 


The parameters 
of Ring, X, Y, 
and Max Advance must be posi- 
tive numbers (OOHto 7FH). 
Additionally, the following 
equation must be satisfied: 


(-128D) 80H $ 3/2 Ring 
+ Offset ± Max Advance 
$ 7FH (l27D) 
[8] 


In order to utilize the greatest 
flexibility ofthe Commutator, it 
must be realized that the 
Commutator works on a circular 
ring counter principle, whose 
range is defined by the Ring 


VElOCITY 
(REVOLUTIONS/ 


SECOND) 
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register (H18H). This means 
that for a ring of96 counts and 
a needed offset of 10 counts, 
numerically the Offset register 
can be programmed 
as OAH 
(10D) or AAH (-86D), the latter 
satisfying Equation 8. 


Ifbit #2 in the Status register is 
set to allow the commutator to 
count in full counts, a higher 
resolution codewheel may be 
chosen for precise motor control 
without violating the 
commutator constraints 
equation (Equation 8). 


Example: Suppose you want to 
commutate a 3-phase 15 deg/ 
step Variable Reluctance Motor 
attached to a 192 count encoder. 


1. Select 3-phase and 
quadrature 
mode for 
commutator by writing 0 to 
R07H. 


2. With a 3-phase 15 degree/step 
Variable Reluctance motor 
the torque cycle repeats every 
45 degrees or 8 times! 
revolution. 


3. Ring register 


(4)(192) counts/revolution 


8/revolution 


= 96 quadrature 
counts 
= 1 commutation 
cycle 


4. By measuring the motor 
torque curve in both 
directions, it is determined 
that an offset of 3 mechanical 
degrees, and a phase overlap 
of2 mechanical degrees is 
needed. 


Offset = 30 _(~4)_(_19_2_) 
~ 
360° 


=: 6 quadrature 
counts 


To create the 3 mechanical 
degree offset, the Offset 


register (R1CH) could be 
programmed 
with either A6H 
(-90D) or 06H (+06D). 
However, because 06H 
(+06D) would violate the 
commutator constraints 
Equation 8, A6H (-90D) is 
used. 
(2°) (4) (92) 
Y = overlap = ----- 
== 4 
360 


0 


X+ Y = 96/3 
Therefore, X = 28 
Y=4 


For the purposes of this 
example, the Velocity Timer and 
Maximum Advance are set to o. 


Operation Flowchart 
The HCTL-llOO executes any 
one of three setup routines or 
four control modes selected by 
the user. The three setup rou- 
tines include: 
-Reset 
- Initialization/ldle 
-Align. 


The four control modes avail- 
able to the user include: 
- Position Control 
- Proportional Velocity Control 
- Trapezoidal Profile Control 
- Integral Velocity Control 


The HCTL-llOO switches from 
one mode to another as a result 
of one of the following three 
mechanisms: 
1. The user writes to the Pro- 
gram Counter. 


2. The user sets/clears flags FO, 


F3, or F5 by writing to the 
Flag register (ROOH). 


3. The controller switches auto- 
matically when certain initial 
conditions are provided by 
the user. 


This section describes the func- 
tion of each setup routine and 


• FO 


TRAPEZOIDAL 
PROFilE 


(CONTROLLER 
CLEAAS 


FO AT THE 
END 


OF THE MOVE.) 


PROPORTIONAL 
VELOCITY 
CONTROL 


INTEGRAL 
VELOCITY 
CONTROL 


control mode and the initial con- 
ditions which must be provided 
by the user to switch from one 
mode to another. Figure 12 


shows a flowchart of the setup 
routines and control modes, and 
shows the commands required 
to switch from one mode to 
another. 


Hard 
Reset 
Executed by_: 
_ 
-Pulling the RESET pin low 
(required at power up) 


When a hard reset is executed 
(RESET pin goes low), the fol- 
lowing conditions occur: 
- All output signal pins are held 
low except Sign, Data bus, 
and Motor Command. 


- All flags (FOto F5) are 
cleared. 
- The Pulse pin ofthe PWM 
port is set low while the Reset 
pin is held low. After the 
Reset pin is released (goes 
high) the Pulse pin goes high 
for one cycle of the external 
clock driving the HCTL-1100. 
The Pulse pin then returns 
to 
a low output. 
- The Motor Command port 
(R08H) is preset to 80H 
(128D). 
- The Commutator 
logic is 
cleared. 
- The I/O control logic is 
cleared. 
- A soft reset is automatically 
executed. 


Soft Reset 
Executed by: 
- Writing OOHto R05H, or 
- Automatically 
called after a 
hard reset 


When a soft reset is executed, 
the following conditions occur: 
- The digital filter parameters 
are preset to 
A (R20H) = E5H (229D) 
B (R21H) = K (R22H) = 40H 
(64D) 
- The Sample Timer (ROFH) is 
preset to 40H (64D). 
- The Status register (R07R) is 
cleared. 


- The Actual Position Counters 
(R12H, RI3H, RI4H) are 
cleared to O. 


From Reset mode, the HCTL- 
1100 goes automatically 
to 
Initialization/Idle 
mode. 


InitializationJIdle 
Executed by: 
- Writing 01H to R05H, or 
- Automatically 
executed after a 
hard reset, soft reset, or 
- Limit pin goes low. 


The Initialization/Idle 
mode is 
entered either automatically 
from Reset, by writing 01H to 
the Program Counter (R05H) 
under any conditions, or pulling 
the Limit pin low. 


In the Initialization/Idle 
mode, 
the following occur: 
- The InitializationlIdle 
flag 
(F1) is set. 


- The PWM port R09H is set to 
OOH(zero command). 
- The Motor Command port 
(R08H) is set to 80H (128D) 
(zero command). 


- Previously sampled data 
stored in the digital filter is 
cleared. 


It is at this point that the user 
should pre-program all the 
necessary registers needed to 
execute the desired control 
mode. The HCTL-1100 stays in 
this mode (idling) until a new 
mode command is given. 


Align 
Executed by: 
- Writing 02H to R05H 


The Align mode is executed only 
when using the commutator 
feature of the HCTL-1100. This 
mode automatically 
aligns mul- 
tiphase motors to the HCTL- 
1100's internal Commutator. 


The Align mode can be entered 
only from the Initialization/Idle 
mode by writing 02H to the Pro- 
gram Counter register (R05H). 
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Before attempting 
to enter the 
Align mode, the user should 
clear all control mode flags and 
set both the Command Position 
registers (ROCH, RODH, and 
ROEH) and the Actual Position 
registers (RI2H, RI3H, and 
RI4H) to zero. After the Align 
mode has been executed, the 
HCTL-1100 will automatically 
enter the Position Control mode 
and go to position zero. By 
following this procedure, the 
largest movement in the Align 
mode will be one torque cycle of 
the motor. 


The Align mode assumes: the 
encoder index pulse has been 
physically aligned to the last 
motor phase during encoder/ 
motor assembly, the Commu- 
tator parameters 
have been 
correctly preprogrammed 
(see 
the section called Commutator 
for details), and a hard reset 
has been executed while the 
motor is stationary. 


The Align mode first disables 
the Commutator 
and with open 
loop control enables the first 
phase (PHA) and then the last 
phase (PHC or PHD) to orient 
the motor on the last phase 
torque detent. Each phase is 
energized for 2048 system 
sampling periods (t). For proper 
operation, the motor must come 
to a complete stop during the 
last phase enable. At this point 
the Commutator 
is enabled and 
commutation 
is closed loop. 


The HCTL-1100 then automati- 
cally switches from the Align 
mode to Position Control mode. 


Control Modes 
Control flags FO, F3, and F5 in 
the Flag register (ROOR)deter- 
mine which control mode is exe- 
cuted. Only one control flag can 
be set at a time. After one of 
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these control flags is set, the 
control modes are entered either 
automatically 
from Align or 
from the Initialization/Idle 
mode by writing 03H to the Pro- 
gram Counter (R05H). 


Position 
Control Mode 
Flags: 
FO Cleared 
F3 Cleared 
F5 Cleared 


Registers Used: 


Register 
ROOH ROOD 
R12H R18D 


Function 
Flag Register 
Read Actual 
Position MSB 
Read Actual 
Position 
Read Actual 
Position LSB 
Command 
Position MSB 
Command 
Position 
Command 
Position LSB 


Position Control performs point- 
to-point position moves with no 
velocity profiling. The user 
specifies a 24-bit position 
command, which the controller 
compares to the 24-bit actual 


position. The position error is 
calculated, the full digital lead 
compensation is applied and the 
motor command is output. 


The controller will remain 
position-locked at a destination 
until a new position command 
is given. 


The actual and command 
position data is 24-bit two's- 
complement data stored in six 
8-bit registets. 
Position is 
measured in encoder 
quadrature 
counts. 


The command position resides 
in ROCH (MSB), RODH, ROEH 
(LSB). Writing to ROEH latches 
all 24 bits at once for the 
control algorithm. Therefore, 
the command position is 
written in the sequence ROCH, 
RODH and ROEH. The 
command registers can be read 
in any desired order. 


The actual position resides in 
R12H (MSB), R13H, and R14H 
(LSE). Reading R14H latches 
the upper two bytes into an 
internal buffer. Therefore, 
Actual Position registers are 


read in the order of R14H, 
R13H, and R12H for correct 
instantaneous 
position data. 


The largest position move possi- 
ble in Position Control mode is 
7FFFFFH (8,388,607D) quadra- 
ture encoder counts. 


Proportional 
Velocity Mode 
Flags: 
FO Cleared 
F3 Set 
F5 Cleared 


Registers Used: 


Register 
ROOH ROOD 
R23H R35D 


Function 
Flag Register 
Command 
Velocity LSB 
Command 
Velocity MSB 
Actual Velocity 
LSB 
Actual Velocity 
MSB 


Proportional Velocity Control 
performs control of motor speed 
.using only the gain factor; K, for 
compensation. The dynamic pole 
and zero lead compensation 
are 


not used. (See the "Digital Fil- 
ter" section of this data sheet.) 


Begin 
} 


Hard 
Reset 
{ HCTL-llOO 
goes 
into 
INIT/IDLE 
Mode 
} 


Write 
03H 
to 
Register 
ROSH 


{ HCTL-llOO 
is 
now 
in 
position 
Mode 
} 


Write 
Desired 
Command 
position 
to 
Command 
position 
Registers 
{ Controller 
Moves 
to 
new 
position 
} 


Continue 
writing 
in 
new 
Command 
positions 
end 
) 


The command and actual veloc- 
ityare 
16-bit two's-complement 
words. 


The command velocity resides 
in registers R24H (MSB) and 
R23H (LSB). These registers are 
unlatched 
which means that the 
command velocity will change to 
a new velocity as soon as the 
value in either R23H or R24H is 
changed. The registers can be 
read or written to in any order. 


R24H 
R23H 
IIII 
IIII 
IIII FFFF 
COMMAND 
VELOCITY 
FORMAT 


The units of velocity are quadra- 
ture counts/sample 
time. To 
convert from rpm to quadrature 
counts/sample 
time, use the 
formula shown below: 


Where: 
Vq = velocity in quadrature 
counts/sample 
time 
Vr = velocity in rpm 
N = 4 times the number of slots 
in the codewheel (Le., 
quadrature 
counts). 


t = The HCTL-llOO sample time 
in seconds. (See the section on 
the HCTL-llOO's Sample 
Timer register). 


Because the Command Velocity 
registers (R24H and R23H) are 
internally 
interpreted 
by the 
HCTL-llOO as 12 bits of integer 
and 4 bits of fraction, the host 
processor must multiply the 
desired command velocity (in 
quadrature 
counts/sample 
time) 
by 16 before programming 
it 
into the HCTL-llOO's Command 
Velocity registers. 


The actual velocity is computed 
only in this algorithm and 
stored in scratch registers R35H 
(MSB) and R34H (LSB). There 
is no fractional component in' 
the actual velocity registers and 
they can be read in any order. 


The controller tracks the 
command velocity continuously 
until new mode command is 
given. The system behavior 
after a new velocity command is 
governed only by the system 
dynamics until a steady state 
velocity is reached. 
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Integral Velocity Mode 
Flags: 
FO Cleared 
F3 Cleared 
F5 Set to begin move 


Registers Used: 
Register 
ROOH ROOD 
R26H R38D 
R27H R39D 
R3CH R60D 


Function 
Flag Register 
Acceleration LSB 
Acceleration MSB 
Command 
Velocity 


Integral Velocity Control 
performs continuous velocity 
profiling which is specified by a 
command velocity and command 
acceleration. Figure 13 shows 
the capability of this control 
algorithm. 


The user can change velocity 
and acceleration any time to 
continuously profile velocity in 
time. Once the specified velocity 
is reached, the HCTL-llOO will 
maintain 
that velocity until a 
new command is specified. 
Changes between actual 
velocities occur at the presently 
specified linear acceleration. 


The command velocity is an 8- 
bit two's-complement 
word 


Begin 
} 
Hard 
Reset 
{ HCTL-IIOO 
goes 
into 
INIT/IDLE 
Mode 
} 


Write 
03H 
to 
Register 
ROSH 
{ HCTL-IIOO 
is 
now 
in 
position 
Mode 
) 


stored in R3CH. The units of 
velocity are quadrature 
counts/ 
sample time. 


The conversion from rpm to 
quadrature 
counts/sample time 
is shown in equation 9. The 
Command Velocity register 
(R3CH) contains only integer 
data and has no fractional 
component. 


While the overall range of the 
velocity command is 8 bits, 
two's-complement, the 
difference between any two 
sequential commands cannot be 
greater than 7 bits in magnitude 
(i.e., 127 decimal). For example, 
when the HCTL-1100 is 
executing a command velocity of 
40H (+64D), the next velocity 
command must fall in the range 
of7FH (+127D), the maximum 
command range, C1H (-63D), 
the largest allowed difference. 


The command acceleration is a 
16-bit scalar word stored in 
R27H and R26H. The upper 
byte (R27H) is the integer part 
and the lower byte (R26H) is the 
fractional part provided for 
resolution. The integer part has 


R27H 
R26H 
OIIIIIII 
FFFFFFFF/256 
Command 
Acceleration 
Format 


a range of OOHto 7FH. The 
contents of R26H are internally 
divided by 256 to produce the 
fractional resolution. 


The units of acceleration are 
quadrature 
counts/sample time 
squared. 


To convert from rpm/sec to 
quadrature 
counts/[sample 
time]2, use the formula shown 
below: 


Aq = (Ar)(N)(t2)(0.01667/rpm- 
sec) 
[10] 


Where: 
Aq = Acceleration in quadrature 
counts/[sample time]2 
Ar = Acceleration in rpm/sec 
N = 4 times the number of slots 
in the codewheel (i.e., 
quadrature 
counts) 
t = The HCTL-1100 sample time 
in seconds. (See the section on 
the HCTL-1100's Sample 
Timer register). 


Because the Command 
Acceleration registers (R27H 
and R26H) are internally 
interpreted 
by the HCTL-1100 
as 8 bits of integer and 8 bits of 
fraction, the host processor 
must multiply the desired 
command acceleration (in 
quadrature 
counts/[sample 
timeJ2)by 256 before 
programming it into the HCTL- 
1100's Command Acceleration 
registers. 


Internally, the controller per- 
forms velocity profiling through 
position control. 


Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Command 
Velocity register (R3CH) and 
the Command Acceleration 
registers (R27H and R26H) to 
determine the value which will 
be automatically 
loaded into the 


Command Position registers 
(ROCH,RODH, and ROEH). 
After the new command position 
has been generated, 
the differ- 


ence between the value in the 
Actual Position registers (R12- 
R13H, and R14H) and the new 
value in the Command Position 
registers is calculated as the 
new position error. This new 
position error is used by the full 
digital compensation filter to 
compute a new motor command 
output by this sample time. The 
register block in Figure 3 
further shows how the internal 
profile generator works in 
Integral Velocity mode. In 
control theory terms, integral 
compensation has been added 
and therefore, this system has 
zero steady-state 
error. 


o 
USER CHANGES ACCElERATION 
COMMAND 
o 
USER CHANGES VELOCITY 
COMMAND 


Although Integral Velocity 
Control mode has the advantage 
over Proportional 
Velocity mode 
of zero steady state velocity 
error, its disadvantage 
is that 
the closed loop stability is more 
difficult to achieve. In Integral 
Velocity Control mode the 
system is actually a position 
control system and therefore the 
complete dynamic compensation 
D(z) is used. 


Ifthe external 
Stop flag F6 is 
set during this mode signalling 
an emergency situation, 
the 
controller automatically 
decelerates 
to zero velocity at 
the presently 
specified 
acceleration factor and stays in 
this condition until the flag is 
cleared. The user then can 
specify new velocity profiling 
data. 


Trapezoid 
Profile Mode 
Flags: 
FO Set to begin move 
F3 Cleared 
F5 Cleared 


Registers Used: 
Register 
ROOH ROOD 
R07H R07D 
R12H R18D 


R2AH R42D 
R2BH R43D 


R26H R38D 
R27H R39D 
R28H R40D 


Function 
Flag Register 
Status Register 
Read Actual 
Position MSB 
Read Actual 
Position 
Read Actual 
Position LSB 
Final Position 
LSB 
Final Position 
Final Position 
MSB 
Acceleration LSB 
Acceleration MSB 
Maximum 
Velocity 


Trapezoid Profile Control 
performs point-to-point 
position 
moves and profiles the velocity 
trajectory to a trapezoid or 
triangle. The user specifies only 
the desired final position, 
acceleration 
and maximum 
velocity. The controller 
computes the necessary profile 
to conform to the command 
data. If maximum velocity is 
reached before the distance 
halfway point, the profile will 
be trapezoidal, 
otherwise the 
profile will be triangular. 
Figure 14 shows the possible 
trajectories 
with Trapezoidal 
Profile Control. 


The command data for 
Trapezoidal 
Profile Control 
mode consists of a final position, 
a command acceleration, 
and a 


(Begin) 
Hard 
Reset 
{HCTL-llOO 
goes 
into 
INIT/IDLE 
Mode} 


Write 
03H 
to 
Register 
ROSH 
{HCTL-llOO 
is now 
in 
position 
Mode) 


Continue 
writing 
new 
Accelerations 
and 
Velocities 
end 
} 
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maximum velocity. The 24-bif, 
two's-complement final position 
is written to registers R2BH, 
(MSB), R2AH, and R29H (LSB). 
The 16-bit command 
acceleration resides in registers 
R27H (MSB) and R26H (LSB). 
The command acceleration has 
the same integer and fraction 
format as discussed in the 
Integral Velocity Control mode 
section. The 7-bit maximum 
velocity is a scalar value with 
the range ofOOHto 7FH (ODto 
127D). The maximum velocity 
has the units of quadrature 
counts per sample time, and 
resides in register R28H. The 
command data registers may be 
read or written to in any order. 


The internal profile generator 
produces a position profile using 
the present Command Position 
(ROCH-ROEH)as the starting 
point and the Final Position 
(R2BH-R29H) as the end point. 


Once the desired data is 
entered, the user sets flag FOin 
the Flag register (ROOH)to 
commence motion (ifthe HCTL- 
1100 is already in Position 
Control mode). 


When the profile generator 
sends the last position com- 
mand to the Command Position 
registers to complete the 
trapezoidal move, the controller 
clears flag FO.The HCTL-1100 
then automatically 
goes to 
Position Control mode with the 
final position of the trapezoidal 
move as the command position. 


When the HCTL-1100 clears 
flag FOit does NOT indicate 
that the motor and encoder are 
at the final position NOR that 
the motor and encoder have 
stopped. The flag.indicates that 
the command profile has 
finished. The motor and 
encoder's true position can only 
be determined by reading the 
Actual Position registers. The 
only way to determine if the 
motor and encoder have stopped 
is to read the Actual Position 
registers at successive intervals. 


The status of the Profile flag can 
be monitored both in the Status 
register (R07) and at the exter- 
nal Profile pin at any time. 
While the Profile flag is high 
NO new command data should 
be sent to the controller. 


Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Maximum 
Velocity register (R28H), the 
Command Acceleration 
registers (R27H and R26H), and 
the Final Position registers 
(R2BH, R2AH, and R29H) to 
determine the value which will 
be automatically 
loaded into the 


Command Position registers 
(ROEH, RODH, and ROCH). 
After the new command position 
has been generated, 
the 
difference between the value in 
the Actual Position registers 
(R12H, R13H, and R14H) and 
the new value in the Command 
Position registers is calculated 
as the new position error. This 
new position error is used by 
the full digital compensation 
filter to compute a new motor 
command output for the sample 
time. (The register block 
diagram in Figure 3 further 
shows how the internal profile 
generator works in Trapezoidal 
Profile mode.) 


Begin 
} 
Hard 
Reset 
{ HCTL-II00 
goes 
into 
INIT/IDLE 
Mode 
) 


Write 
03H 
to 
Register 
ROSH 
{ HCTL-II00 
is 
now 
in 
position 
Mode 
} 


Applications of the 
HCTL·ll00 
Interfacing 
the HCTL·llOO to 
Host Processors 
The HCTL-llOO 
looks to the 
host microprocessor 
like a bank 
of8-bit 
registers 
to which the 
host processor 
can read and 


write (i.e., the host processor 
treats 
the HCTL-llOO like 
RAM). The data in these 
registers 
controls the operation 
of the HCTL-llOO. 
The host 
processor 
communicates 
to the 
HCTL-llOO 
over a bidirectional 
multiplexed 
8-bit data bus. The 


four I/O control lines. ALE, CS, 
OE, and RJW execute the data 
transfers 
(see Figure 
15). 


There are three different 
timing 
configurations 
which can be 
used to give the user greater 
flexibility 
to interface 
the 
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HCTL-1100 to most 
microprocessors (see Timing 
diagrams). They are 
differentiated 
from one another 
by the arrangement 
of the ALE 
signal with respect to the CS 
signal. The three timing 
configurations 
are listed below. 


1. ALE, CS non-overlapped 
2. ALE, CS overlapped 
3. ALE within CS 


Any I/O operation starts by 
asserting the ALE signal which 
starts sampling the external bus 
into an internal 
address latch. 


Rising ALE or falling CS during 
ALE stops the sampling into the 
address latch. 


CS low after rising ALE samples 
the external bus into the data 
latch. Rising CS stops the 
sampling into the data latch, 
and starts the internal 
synchronous process. 


In the case of a write, the data 
in the data latch is written into 
the addressed location. In the 
case of a read, the addressed 
location is written into an 
internal output latch. OE low 
enables the internal output 
latch onto the external bus. The 
OE signal and the internal 
output latch allow the I/O port 
to be flexible and avoid bus 
conflicts during read operations. 


It is important 
that the host 
microprocessor does not attempt 
to perform too many I/O 
operations in a single sample 
time ofthe HCTL-1100. Each 
I/O operation interrupts 
the 
execution ofthe HCTL-1100's 
internal code for 1 clock cycle. 
Although extra clock cycles have 
been allotted in each sample 
time for I/O operations, the 
number of extra cycles is 


reduced as the value 
programmed into the Sample 
Timer register (ROFH)is 
reduced. 


Table 5 shows the maximum 
number of I/O operations 
allowed under the given 
conditions. 


The number of external clock 
cycles available for I/O 
operations in any of the four 
control modes can be increased 
by increasing the value in the 
Sample Timer register (ROFH). 


For every unit increase in the 
Sample Timer register (ROFH) 
above the minimums shown in 
Table 5 the user may perform 
16 additional I/O operations per 
sample time. 


Interfacing 
the HCTL-llOO to 
Amplifiers 
and Motors 


The Motor Command port is the 
ideal interface to an 8-bit DAC, 
configured for bipolar output. 
The data written to the 8-bit 
Motor Command port by the 
control algorithms is the 
internally compu.ted 2's- 


complement motor command 
with an 80H offset added. This 
allows direct interfacing to a 
DAC. Figure 16 shows a typical 
DAC interface to the HCTL- 
1100. An inexpensive DAC, such 
as MC1408 or equivalent, has 
its digital inputs directly 
connected to the Motor 
Command port. The DAC pro- 
duces an output current which 
is converted to a voltage by an 
operational amplifier. Ro and RG 
control the analog offset and 
gain. The circuit is easily 
adjusted for +5 V to -5 V 
operation by first writing 80H to 
R08H and adjusting Ro for 0 V 
output. Then FFH is written to 
R08H and RG is adjusted until 
the output is 5 V. Note that OOH 
in R08H corresponds to -5 V 
out. 


Figure 17 shows an example of 
how to interface the HCTL-1100 
to an H-bridge amplifier. An H- 
bridge amplifier allows bipolar 
motor operation with a unipolar 
power supply. The Sign 
Reversal Inhibit feature 
prevents all transistors 
from 


being on at the same time when 
the direction of motion is 
reversed. 


Maximum 
Number 
Sample 
Timer 
of I/O Operations 
Register 
Value 
Operating 
Mode 
Allowed 
per Sample 


07H (07D) 
Position Control or 
5 


Prop. Vel. Control 


Position Control or 
133 


Prop. Vel. Control 
OFH (15D) 


Trapezoidal Prof. 


or Integral 
6 


Vel. Control 


ALE------- 
CS------- 
R/W------- 
6E------- 


(LSB) 
MCO 
18 


Me, 
19 
20 
Me, 


Me3 
21 
HCTl-l000 
MC4 22 


MCs 
23 


MC6 
24 


(MSBI Me1 
25 


12 
Vcc '3 


11 
A, 


'0 
Vref+ ,. 
Ao 


9 
Ao 


8 
MC140B 
Ao 
7 


6 


5 


I 
I 
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Additional Information 
From Hewlett·Packard 
Additional information 
regarding the HCTL-llOO is 
available from the Hewlett- 
Packard Motion Control 
Factory. Please contact your 
local HP sales representative 
for 
more information. 


1. Application Note 1032: 


"Design of the HCTL-1000's 
Digital Filter Parameters 
by 


the Combination Method" 


2. Intel 8051 interface to the 
HCTL-llOO 


3. Zilog Z80 interface to the 


HCTL-llOO 


4. Motorola 6803-1 interface to 
the HCTL-llOO 
5. HCTL-llOO Sample Timer 


and Digital Filter (Seminar 
Slides) 


6. DC Brush Motor Interfaces 
(Seminar Slides) 
7. DC Brushless Motor 
Interfaces (Seminar Slides) 
8. Step Motor Interfaces- 


including half-step mode 
(Seminar Slides) 
9. List of Board Level Vendors 
using the HCTL-1000/ 
HCTL-llOO. Many 
companies provide board 
level products using the 
HCTL-1000 and HCTL-llOO 
compatible with numerous 
busses. 


10. HCTL-1000/HCTL-llOO 
Troubleshooting 
Guide. An 
answer guide to the most 
often asked questions about 
the operation of the HCTL- 
1000 and HCTL-llOO. 


HCTL-llOO: 40 Pin DIP 
Package 


HCTL-llOO#PLC: 44 Pin 
PLCC Package 


rh~HEWLETT 
a:~PACKARO 


Light Bars and 
Bar Graph Arrays 


Light Bars and Arrays 


LED Light Bars are Hewlett- 
Packard's innovative solution to 
fixed message annunciation. 
The large, uniformly·illumin- 
ated light emitting surface may 
be used for backlighting 
legends 
or simple indicators. Four 
distinct colors are offered: 
AIGaAs red, high efficiency red, 
yellow, and high performance 
green with two bicolor 
combinations. The AlGaAs Red 
Light Bars provide exceptional 
brightness 
at very low drive 
currents for those applications 
where portability and battery 
backup are important 


considerations. 
Each of the 
eight X-Y stackable package 
styles offers one, two, or four 
light emitting surfaces. Along 
with this family of stackable 
light bars, HP also provides a 
single chip light bar for high 
brightness indication of small 
areas. Panel Mounts are also 
available for all devices. 


In addition to light bars, HP 
offers effective analog message 
annunciation 
with the 10- 
element LED Bar Graph 
Arrays. These bar graph arrays 
eliminate the matching and 


alignment problems commonly 
associated with arrays of 
discrete LED indicators. Each 
device offers easy to handle 
packages that are compatible 
with standard 
DIP sockets. The 
10-element Bar Graph Array is 
available in standard 
red, 
AlGaAs red, high efficiency red, 
yellow, and high performance 
green. The multi color 10- 
element arrays have high 
efficiency red, yellow, and green 
LEDs in one package. The 
package is X-Y stackable, with a 
unique interlock allowing easy 
end-to-end alignment. 


Device 
Typical 
Typical 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
@20mA 
No. 


HLMP-2300 
High 
4 Pin In-Line; 0.100" 
Diffused 
23 mcd 
2.0 V 
2-B 
Efficiency Centers; O.4OO"Lx 
Red 
0.195"W x 0.245"H 


II 
II 
HLMP-2400 
Yellow 
Diffused 
20 mcd 
2.1 V 


HLMP-2500 
Green 
Green 
25 mcd 
2.2 V 
Diffused 


HLMP-2350 
High 
8 Pin In-Line; 0.100" 
Diffused 
45 mcd 
2.0 V 
Efficiency Centers; 0.800"L x 
Red 
0.195"W x 0.245"H 
II 
II 
HLMP-2450 
Yellow 
Diffused 
38 mcd 
2.1 V 


HLMP-2550 
Green 
Green 
50 mcd 
2.2 V 
Diffused 


HLMP-2600 
High 
8 Pin DIP; 0.100" 
Diffused 
22 mcd 
2.0 V 
Efficiency Centers; O.4OO"Lx 
DO 


Red 
O.4OO"Wx 0.245"H 
Dual Arrangement 
HLMP-2700 
Yellow 
Diffused 
18 mcd 
2.1 V 


HLMP-2800 
Green 
Green 
25 mcd 
2.2 V 
Diffused 


HLMP-2620 
High 
16 Pin DIP; 0.100" 
Diffused 
25 mcd 
2.0 V 


IDDDD! 


Efficiency Centers; 0.800"L x 
Red 
0.400"W x 0.245"H 
Quad Arrangement 
HLMP-2720 
Yellow 
Diffused 
18 mcd 
2.1 V 


HLMp·2820 
Green 
Green 
25 mcd 
2.2 V 


Diffused 


HLMP-2635 
High 
16 Pin DIP; 0.100" 
Diffused 
45 mcd 
2.0 V 


Efficiency Centers; 0.800"L x 
BJ 


Red 
0.400"W x 0.245"H 
Dual Bar Arrangement 
I 
I 
HLMP-2735 
Yellow 
Diffused 
35 mcd 
2.1 V 


HLMP-2835 
Green 
Green 
50 mcd 
2.2 V 


Diffused 
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Device 
Typical 
Typical 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
@20mA 
No. 


HLMP-2655 
High 
8 Pin DIP; 0.100' 
Diffused 
43 mcd 
2.0 V 
2-8 
Efficiency Centers; 0.400'L x 
D 


Red 
0.400'W x 0.245'H 
Square Arrangement 
HLMP-2755 
Yellow 
Diffused 
35 mcd 
2.1 V 


HLMP-2855 
Green 
Green 
50 mcd 
2.2 V 
Diffused 


HLMP-2670 
High 
16Pin DIP; 0.100' 
Diffused 
45 mcd 
2.0 V 
Efficiency Centers; 0.800'L x 
IDC]I 


Red 
0.400'W x 0.245'H 
Dual Square 
HLMP-2770 
Yellow 
Arrangement 
Diffused 
35 mcd 
2.1 V 


HLMP-2870 
Green 
Green 
50 mcd 
2.2 V 
Diffused 


HLMP-2685 
High 
16 Pin DIP; 0.100' 
Diffused 
80 mcd 
2.0 V 
Efficiency Centers; 0.800'L x 
0 


Red 
0.400'W x 0.245'H 
Single Bar Arrangement 
HLMP-2785 
Yellow 
Diffused 
70 mcd 
2.1 V 


HLMP-2885 
Green 
Green 
100 mcd 
2.2 V 
Diffused 


Device 
Typical 
Typical 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@3mA 
@3mA 
No. 


HLCP·A100 
AIGaAs 
4 Pin In-Line; 0.100' 
Diffused 
7.5 mcd 
1.6 V 
2-8 
II 
II 
Red 
Centers; 0.400'L x 
0.195'W x 0.24S'H 


HLCP-Bl00 
AIGaAs 
8 Pin In-Line; 0.100' 
Diffused 
15.0 mcd 


II 
II 


Red 
Centers; 0.800'L x 
0.195'W x 0.24S'H 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@3mA 
@3mA 
No. 


HLCP·D100 
AIGaAs 
B Pin DIP; 0.100' 
Diffused 
7.5 mcd 
1.6 V 
2-8 
DO 


Red 
Centers; OAOO'Lx 


OAOO'W x 0.245'H 
Dual Arrangement 


HLCP·E100 
AIGaAs 
16 Pin DIP; 0.100' 
Diffused 
7.5 mcd 
!DDDDI 


Red 
Centers; O.BOO'Lx 


OAOO'W x 0.245'H 
Quad Arrangement 


HLCP·F100 
AIGaAs 
16 Pin DIP; 0.100' 
Diffused 
15.0 mcd 


~ 


Red 
Centers: O.BOO'Lx 


[ 
I 
0.400"W x 0.245'H 
Dual Bar Arrangement 


HLCp·C100 
AIGaAs 
B pin DIP; 0.100' 
Diffused 
15.0 mcd 
D 


Red 
Centers; OAOO'Lx 


OAOO'W x 0.245'H 
Square Arrangement 


HLCP·G100 
AIGaAs 
16 Pin DIP; 0.100' 
Diffused 
15.0 mcd 
1001 


Red 
Centers; O.BOO"Lx 


OAOO"W x 0.245"H 
Dual Square 
Arrangement 


HLCP-H100 
AIGaAs 
16 Pin DIP; 0.100' 
Diffused 
30.0 mcd 
CJ 


Red 
Centers; O.BOO"Lx 


OAOO'W x 0.245'H 
Single Bar Arrangement 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
@20mA 
No. 


HLMp·2950 
High 
B Pin DIP; 0.100' 
Diffused 
HER: 
HER: 
2-8 
Efficiency Centers; OAOO'Lx 
20 mcd 
2.0 V 
D 


Red! 
OAOO'W x 0.245'H 
Yellow: 
Yellow: 


Yellow 
Square Arrangement 
12 mcd 
2.1 V 


HLMp·2965 
High 
Diffused 
HER: 
HER: 


Efficiency 
20 mcd 
2.0 V 
Redl 
Green: 
Green: 


Green 
20 mcd 
2.2 V 


1< 


.. 


Device 
Description 
Tylcal 
Typical 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 


HLMP-T200 
High 
One Chip LED 
Tinted 
4.8 mcd 
1000 
2.2 V 
2-19 
OJ 


Efficiency Light Bar 
Diffused 
Red 
(626nm) 


HLMP-T300 
Yellow 
6.0med 
2.2V 
(585 nm) 


HLMP-T400 
Orange 
4.8 mcd 
2.2V 
(608 nm) 


HLMP-T500 
Green 
6.0 mcd 
2.3 V 
(569 nm) 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
Voltage 
No. 


HDSP-4820 
Standard 
20 Pin DIP; 0.100" 
Diffused 
1250 IJ.Cd 
1.6V 
2-23 


100000000001 


Red 
Centers;1.0"L x 
@20mA 
@20mA 
OAOO"W x 0.200" 
DC 
DC 


HDSP-4830 
High 
Diffused 
3500 IJ.Cd 
2.1 V 
Efficiency 
@10mA 
@20mA 
Red 
DC 
DC 


HDSP-4840 
Yellow 
Diffused 
1900 IJ.Cd 
2.2 V 
@10mA 
@20mA 
DC 
DC 


HDSP-4850 
High 
Green 
1900 !lcd 
2.1 V 
Performance 
Diffused 
@10mA 
@10mA 
Green 
DC 
DC 


HDSP-4832 
Multicolor 
Diffused 
1900 IJ.Cd 
@10mA 
DC 


HDSP-4836 
Multicolor 
Diffused 
1900 !led 
@10mA 
DC 


HLCP-Jl00 
AIGaAs 
Diffused 
1000 IJ.Cd 
1.6 V 
Red 
@lmA 
@lmA 


Device 
Typical 
Typical 
Description 
umlnous 
Forward 
',tenslty 
Voltage 
Page 


Package OuUlne Drawing 
Part No. 
Color 
Package 
Lens 
( 
No. 


HDSP-a820 
Standard 
22 Pin DIP; 
Red, 
20!!Cd@ 
l.7V@ 
2·30 
Red 
0.100' centers; 
Non- 
100 mA Pk; 100 mA Pk; 
4.16' Lx 
Diffused 
101110 D.F. 101110 DF. 
F:.................... 
..j 
0.390'Wx 
HDSP-a825 
High 
0.236' H 
Clear 
175 !!Cd @ 
2.3V@ 
Efficiency 
100 mA Pk; 100 mA Pk; 


Red 
101110 D.F. 101110DF. 


HDSP-a835 
High 
Clear 
175 !!Cd @ 
2.3V@ 
EffICiency 
100 mA Pk; 100 mA Pk; 


Green 
101110 D.F. 101110 DF. 


Device 
Page 
Package OuUine Drawing 
Part No. 
Corresponding 
Light Bar Module Part Number 
No. 


HLMP-2598 
HLMP-235O,-2450, -2550, 
2-38 
~ 
I 
HLCP-Bl00 


HLMP-2599 
HLMP-2300, -2400, -2500, 
CJ 
HLCP-Al00 
D 


HLMP-2898 
HLMP-2600, -2700, -2800 
-2655, -2755, -2855 
-2950, -2965, HLCP-Cl00, -Dl00 
~ 
. 


HLMP-2899 
HLMP-2620, -2720, -2820, 


I 
I 


-2635, -2735, -2835 
-2670, -2770, -2870 
-2685, -2785, -2885 
HLCP-El00, -Fl00, -Gl00, -Hl00 


Option Number 
Description 
Page Number 


502 
Devices Selected to Two (2) Iv categories 
241 


S22 
Devices Selected to Two (2) Iv categories and 
I 


Two (2) Color Bin Categories 


I:; 


.. 


rh~ HEWLETT 
~r...•PACKARD 


LED Light Bars 


Features 
• Large Bright, 
Uniform 
Light Emitting 
Areas 
• Choice of Colors 
• Categorized 
for Light 
Output 
• Yellow and Green 
Categorized 
for Dominant 
Wavelength 
• Excellent 
ON-OFF 
Contrast 
• X-Y Stackable 
• Flush 
Mountable 
• Can be Used with Panel 
and Legend 
Mounts 
• Light Emitting 
Surface 
Suitable 
for Legend 
Attachment 
per 
Application 
Note 1012 
• HLCP-X1OO Series 
Designed 
for Low 
Current 
Operation 
• Bicolor 
Devices 
Available 


Applications 
• Business 
Machine 
Message 
Annunciators 
• Telecommunications 
Indicators 
• Front 
Panel 
Process 
Status 
Indicators 
• PC Board 
Identifiers 
• Bar Graphs 


Description 
The HLCP-XIOOand HLMP- 
2XXXseries light bars are 
rectangular light sources 
designed for a variety of 
applications where a large 
bright source of light is 
required. These light bars are 
configured in single-in-line and 
dual-in-line packages that 
contain either single or 
segmented light emitting areas. 
The AIGaAs Red HLCP-XIOO 
series LEDs use double 
heterojunction AIGaAs on a 
GaAs substrate. The HER 
HLMP-2300/2600 and Yellow 
HLMP-2400/2700 series LEDs 
have their p-n junctions diffused 
into a GaAsP epitaxial layer on 
a GaP substrate. The Green 
HLMP-2500/2800 
series LEDs 
use a liquid phase GaP epitaxial 
layer on a GaP substrate. The 
bicolor HLMP-2900 series use a 
combination of HERIYellow or 
HER/Green LEDs. 


HLCP-A100, -B100, -C100, 
-D100, -E100, -F1OO,-G100, 
-H100 
HLMP-2300, -2350, -2400, 
-2450, -2500, -2550, -2600, 
-2620, -2635, -2655, -2670, 
-2685, -2700, -2720, -2735, 
-2755, -2770, -2785, -2800, 
-2820, -2835, -2855, -2870, 
-2885, -2950, -2965 


Light 
Bar Part 
Number 
Number 
Corresponding 
Size of 
of 
Package 
Panel 
and 
BLCP· 
BLMP· 
Light 
Emitting 
Areas 
Light 
Outline 
Legend 
Mount 
Emitting 
Part 
No. BLMP- 
AlGaAs 
HER 
Yellow 
Green 
Areas 


A100 
2300 
2400 
2500 
8.89 mm x 3.81 mm 
1 
A 
CJ 
2599 


(.350 in. x .150 in.) 


B100 
2350 
2450 
2550 
19.05 mm x 3.81 mm 
1 
B c==:J 
2598 
(.750 in. x .150 in.) 


DlOO 
2600 
2700 
2800 
8.89 mm x 3.81 mm 
2 
D 
m 
2898 
(.350 in. x .150 in.) 


E100 
2620 
2720 
2820 
8.89 mm x 3.81 mm 
4 
E [ill] 


2899 
(.350 in. x .150 in.) 


F100 
2635 
2735 
2835 
3.81 mm x 19.05 mm 
2 
F E3 


2899 
(.150 in. x .750 in.) 


C100 
2655 
2755 
2855 
8.89 mm x 8.89 mm 
1 
C 
D 


2898 
(.350 in. x .350 in.) 


GlOO 
2670 
2770 
2870 
8.89 mm x 8.89 mm 
2 
G IT] 


2899 


(.350 in. x .350 in.) 


H100 
2685 
2785 
2885 
8.89 mm x 19.05 mm 
1 
H 


~ 


2899 


(.350 in. x .750 in.) 


2950 
2950 
8.89 mm x 8.89 mm 
Bicolor 
I D 


2898 


(.350 in. X .350 in.) 


2965 
2965 
8.89 mm x 8.89 mm 
Bicolor 
I D 


2898 


(.350 in. x .350 in.) 


I:; 


.. 


1\ 


4.064 MIN. 


0.508 ~0.076 
(0.160) 


10.020 '0.003) I 
~Y3-~ 
I 


1,016 
IO.04011~t--- 
6.223 
TYP. 
(0.245) 
MAX. 


SIDE VIEW C. D. I 


2.540 
(O.1OC) 
TYP. 
_I 
T 


~-I 


0.508:!: 
0.05 
(0.020 
± 0.002) 


TYP. 


lUMINOUS 
INTENSITY 
CATEGORY 


4953 r 8.890l 
10:1951 
(0350) 
3.810 
t-1c=J1~) 


4.953 r 19.050 ~ 
10 195) 
10.7501 
I 
3810 
tl,--,i:i' 


PART 
NUMBER 


COLOR 
BIN (NOTE 2) 
IT 
TL 6.223 
1.016 
(0.245) 
4 
5 
6 
7 
8 
(0,040) 
MAX. 
L -1h 


YP 


0.584 
± 0.076 


(0.02310.003) 


1.016 
1 
2 
3 
4 
(0.0401 


J 


l-JI 
TYP. 


254 
TYP • 
l..:= 
~ 


(0100) 
0.58410.076 
(0.023.:!: 
0.003) 


lUMINOUS 
INTENSITY 
CATEGORY 
1 
2 
3 


254 
TYPJ 


(0 1001 


I 
PIN 
I 
"':"1" r·- Ii 
'I u.~~gl 


10.400) 
-- 
__ 
1 270 


MAX, 
3 
6 
(0350) 
c=J 
-1-3810 
(D.OSO) 
-1- 
411 


8.890 Ii5T 
__:18.890 IL 
101501 


----:l 
(0350) 
I 
• 
10.350) 
I 


I 
I 
I 
I 


C. I 
Iii 
3.810 0DI161'~:~o 


t 
(0.1501,I-Ii (,0.150) 


r:1===J="='---1 
3 810 
(0.1501 
__ 
4PLCS 
c=J-' 1270 
c=J 
(0050) 


c=J 


._1 
10.160 
~ 
~ 
10400) 


MAX 


E 


I~ 


7.620 
10.3001 


0.254 
± 0.05 
_ 
10.010! 
0.002;-11 


4.064-, 
Cd 
10.1601 
I 
I 


MIN. 
--- 


1- 


~~ 


19L 
DI,g{~glI 
20L;D!~ 
19L 


10.7150) D 
I 
t 
'~~) 
5 
12 (07 


l 


50) 


8890 
1 270 
j 
6 
11 


!O 350lW 0501 
7 
10 


I 
8 
" 
==-==- ==-- 
,,===""'=:-- 
-I 
(lg~g~ 1- -I ('g;ggl 1- 
-I (~~4~~t- 
MAX 
I 
MAX 
MAX. 


F 
G 
H 


NOTES: 
1. DIMENSIONS 
IN MILLIMETRES 
(INCHES). 
TOLERANCES 
±O.25 
mm (±O.010 
IN.) UNLESS 
OTHERWISE 
INDICATED. 


2. FOR YELLOW 
AND 
GREEN 
DEVICES 
ONLY. 


PIN FUNCTION 


A 
8 
-2300/-2400 
-2350/-2450 
PIN 
·2500/A100 
-2550/8100 
1 
CATHODE a 
CATHODE a 


2 
ANODE a 
ANODE a 
3 
CATHODE b 
CATHODE b 


4 
ANODE b 
ANODE b 
5 
CATHODE c 
6 
ANODEc 
7 
CATHODE d 
8 
ANODE d 


C,D 


16 


'5 


1. 


'3 


12 


11 


10 


E,F,G,H 


PIN FUNCTION 
PIN 
C.D 
E.F.G.H 


1 
CATHODE. 
CATHODE. 


2 
ANODE. 
ANODE. 


3 
ANODEb 
ANODE 
b 
4 
CATHODE 
b 
CATHODE 
b 


5 
CATHDDE 
c 
CATHODE 
c 


6 
ANODEc 
ANODEc 


7 
ANODEd 
ANODEd 
8 
CATHODE 
d 
CATHODEd 


9 
CATHODE. 


10 
ANODE. 


11 
ANODE! 
12 
CATHODE! 
13 
CATHODEg 


14 
ANODEg 
15 
ANODEh 
16 
CATHODEh 


PIN FUNCTION 


YELLOWI 
PIN 
HER 
GREEN 


1 
CATHODE. 
ANODE. 


2 
ANODE. 
CATHODE. 


3 
ANODEb 
CATHODEf 


4 
CATHODEb 
ANODE! 


5 
CATHODEc 
ANODEg 


6 
ANODEc 
CATHODEg 


7 
ANODEd 
CATHODEh 


8 
CATHODEd 
ANODEh 


I'; 


.. 


HER 
Yellow 
Green 


Parameter 
AlGaAsRed 
HLMP·23001 
HLMP·24001 
HLMP·25001 


HLCp·X100 
2600/29XX 
2700/2950 
280012965 
Series 
Series 
Series 
Series 


Average Power Dissipated 
per LED chip 
37mWlll 
135 mW'2) 
85 mW'3) 
135 mW'2) 


Peak Forward 
Current 
per LED chip 
45 mAl') 
90 mAl') 
60 mAl') 
90mA1'J 


Average Forward 
Current 
per LED chip 
15mA 
25mA 
20mA 
25mA 


DC Forward 
Current 
per LED chip 
15 mAIl) 
30mA12] 
25 mAl3] 
30 mAl2] 


Reverse Voltage per LED chip 
5V 
6 VlO] 


Operating 
Temperature 
Range 
-20°C to +100°CI7I 
--40°C to +85°C 
-20°C to +85°C 


Storage Temperature 
Range 
--40°C to +85°C 


Lead Soldering Temperature 
1.6 mm 
260°C for 3 secondsl') 
(1/16 inch) Below Seating 
Plane3 


Notes: 
1. Derate 
above 87°C at 1.7 mW/"C per LED chip. For DC operation, 
derate 
above 91°C at 0.8 mN°C. 
2. Derate 
above 25°C at 1.8 mW/"C per LED chip. For DC operation, 
derate 
above 50°C at 0.5 mN°C. 


3. Derate 
above 50°C at 1.8 mW/"C per LED chip. For DC operation, 
derate 
above 60°C at 0.5 mN°C. 
4. See Figure 
1 to establish 
pulsed operation. 
Maximum 
pulse width is 1.5 mS. 
5. See Figure 
6 to establish 
pulsed operation. 
Maximum 
pulse width is 2 mS. 


6. Does not apply to bicolor parts. 
7. For operation 
below -20°C, 
contact 
your local HP sales representative. 


8. Maximum 
tolerable 
component 
side temperature 
is 134°C during 
solder process. 


Electrical/Optical Characteristics 
at TA = 25°C 
AlGaAs Red HLCP·XIOO Series 


Parameter 
HLCP· 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
A1001D1001E100 
Iv 
3 
7.5 
mcd 
IF=3mA 


per Lighting 
Emitting 
BI00/CI00IFI00/G 
100 
\ 
6 
15 
mcd 
Areall) 
HlOO 
12 
30 
mcd 


Peak Wavelength 
~AK 
645 
nm 
. 


Dominant 
Wavelengthl2] 
Ad 
637 
nm 


Forward 
Voltage per LED 
V,. 
1.8 
2.2 
V 
IF = 20 mA 


Reverse Breakdown 
Voltage per LED 
VR 
5 
15 
V 
IR = 100 J.LA 


Thermal 
Resistance 
LED Junction-to-Pin 
RSJ.p,N 
250 
°CIWI 
LED 


Parameter 
m..MP- 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
2300/2600/2620 
Iv 
6 
23 
mcd 
IF = 20mA 


per Lighting Emitting 
2350/2635/2655/26701295()!3] 
13 
45 
mcd 
Area[l] 


2965!'J 
19 
45 
mcd 


2685 
22 
80 
mcd 


Peak Wavelength 
A"EAK 
635 
nm 


Dominant Wavelength!'] 
Ad 
626 
nm 


Forward Voltage per LED 
VF 
2.0 
2.6 
V 
IF=20mA 


Reverse Breakdown 
Voltage per LED['J 
VR 
6 
15 
V 
IR = 100 flA 


Thermal 
Resistance 
LED Junction-to-Pin 
R8J_P1N 
150 
°CIW/ 
LED 


Parameter 
m..MP- 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
2400/2700/2720 
Iv 
6 
20 
mcd 
IF=20mA 


per Lighting Emitting 
2450/2735/2755/277 0/295()!3] 
13 
38 
mcd 
Area[l] 
2785 
26 
70 
mcd 


Peak Wavelength 
A"EAK 
583 
nm 


Dominant Wavelength!'J 
Ad 
585 
nm 


Forward 
Voltage per LED 
VF 
2.1 
2.6 
V 
IF = 20 mA 


Reverse Breakdown 
Voltage per LEDl'] 
VR 
6 
15 
V 
IR = 100 flA 


Thermal 
Resistance 
LED Junction-to-Pin 
R8J_P1N 
150 
°CIW/ 
LED 


I:: 


.. 


Parameter 
lILMP- 
Symbol 
Min. 
Typ. 
MaI. 
Units 
Test Conditions 


Luminous 
Intensity 
2500/2800/2820 
Iv 
5 
25 
mcd 
IF=20mA 


per Lighting 
Emitting 
2550/2835/2855/2870 
11 
50 
mcd 
Area(lJ 


2965[<J 
25 
50 
mcd 


2885 
22 
100 
mcd 


Peak Wavelength 
1.pEAK 
565 
nm 


Dominant 
Wavelength[2J 
Ad 
572 
nm 


Forward 
Voltage 
per LED 
VF 
2.2 
2.6 
V 
IF=20mA 


Reverse 
Breakdown 
Voltage 
per LED(5) 
VR 
6 
15 
V 
IR = 100 !LA 


Thermal 
Resistance 
LED Junction-to-Pin 
ROJ.PIN 
150 
°CIW/ 
LED 


Notes: 
1. These devices are categorized 
for luminous 
intensity. 
The intensity 
category 
is designated 
by a letter 
code on the side of the 
package. 
2. The dominant 
wavelength, 
Ad' is derived from the eIE chromaticity 
diagram 
and is the single wavelength 
which defines the 
color of the device. Yellow and Green devices are categorized 
for dominant 
wavelength 
with the color bin designated 
by a 


number 
code on the side of the package. 
3. This is an HERIYeliow bicolor light bar. HER electricaVoptical 
characteristics 
are shown in the HER table. Yellow electricaV 
optical characteristics 
are shown in the Yellow table. 
4. This is an HER/Green 
bicolor light bar. HER electricaVoptical 
characteristics 
are shown in the HER table. Green electricaV 


optical characteristics 
are shown in the Green table. 
5. Does not apply to HLMP-2950 
or HLMP-2965. 
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Figure 
2. Maximum 
Allowed 
DC Current 
per LED vs. 


Ambient 
Temperature, 
T"MAX = 110°C 
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Figure 7. Maximum Allowable DC Current per LED vs. 
Ambient Temperature, 
T, MAX• lOO"C 
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For a detailed explanation on the use of data sheet information and recommended soldering procedures, see 
Application Notes 1005, 1027, and 1031. 


Electrical 
These light bars are composed 
of two, four, or eight light 
emitting diodes, with the light 
from each LED optically 
scattered to form an evenly 
illuminated 
light emitting 
surface. 


The anode and cathode of each 
LED is brought out by separate 
pins. This universal 
pinout 
arrangement 
allows the LEDs 
to be connected in three possible 
configurations: 
parallel, series, 
or series parallel. The typical 
forward voltage values can be 
scaled from Figures 4 and 9. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. 
Expected 
maximum Vp values for driver 
circuit design and maximum 
power dissipation, 
may be 


calculated using the following 
VpMAXmodels: 


VpMAX= 1.8 V + Ip,•• (20Q) 
For: Ip,•• S; 20 mA 
VpMAX= 2.0 V + Ip,•• (lom 
For: 20 mA S; Ip••• S; 45 mA 


HER (HLMP-2300/2600/2900), 
Yellow (HLMP-2400/2700/2900) 
and Green (HLMP-2500/2800/ 
2900) series 


VpMAX= 1.6 + Ip,•• (SOm 
For: 5 mA S; Ip,•• S; 20 mA 
VpMAX= 1.8 + Ip•••(40m 
For: Ip,•• ~ 20 mA 


The maximum power 
dissipation can be calculated 
for any pulsed or DC drive 
condition. For DC operation, the 
maximum power dissipation is 
the product of the maximum 


Size of Light 
Surface Area 
Emitting 
Area 
Sq. Metres 
Sq. Feet 


8.89 mm x 8.89 mm 
67.74 x 10-6 
729.16 x 10-6 


8.89 mm x 3.81 mm 
33.87 
X 10-" 
364.58 x 10-6 


8.89 mm x 19.05 mm 
135.48 x 10-6 
1458.32 x 10-6 


3.81 mm x 19.05 mm 
72.85 x 10-6 
781.25 
X 10-" 


The radiation 
pattern 
for 
these light bar devices is 
approximately 
Lambertian. 


The luminous sterance may be 
calculated using one of the two 
following formulas: 


I (cd) 
L (cd/m2) = _v__ 


v 
A (m2) 


7tI 
(cd) 
Lv(footlamberts) 
= _v __ 
A (ft2) 


Refresh rates of 1 kHz or faster 
provide the most efficient 
operation resulting 
in the 
maximum possible time average 
luminous intensity. 


The time average luminous 
intensity 
may be calculated 
using the relative efficiency 
characteristic 
of Figure 3 or 8, 


TjlpE ,and adjusted for 
oper":ting ambient temperature. 
The time average luminous 
intensity 
at TA= 25°C is 
calculated as follows: 


forward voltage and the 
maximum forward current. For 
pulsed operation, the maximum 
power dissipation 
is the product 
ofthe maximum forward 
voltage at the peak forward 
current times the maximum 
average forward current. 
Maximum allowable power 
dissipation 
for any given 
ambient temperature 
and 
thermal resistance 
(ReJ_A) can be 
determined 
by using FIgure 2 or 
7. The solid line in Figure 2 or 7 
(ReJ-Aof 600/538 CfW) 
represents 
a typical thermal 
resistance 
of a device socketed 
in a printed circuit board. The 
dashed lines represent 
achievable thermal 
resistances 
that can be obtained through 
improved thermal 
design. Once 
the maximum allowable power 
dissipation 
is determined, 
the 
maximum pulsed or DC forward 
current can be calculated. 


where: 
lTEST= 3 mA for AlGaAs Red 
(HLMP-XOOOseries) 
20 mA for HER, 
Yellow and Green 
(HLMP-2XXX series) 


Example: 
For HLMP-2735 series 


[ 
12mA] 
IvTIMEAVG 
= 
--- 
(1.18) (35 mcd) 
20mA 


= 25 mcd 


I:: 


.. 


The time average luminous 
intensity may be adjusted for 
operating ambient temperature 
by the following exponential 
equation: 


Color 
K 


AlGaAsRed 
-O.OO95/"C 


HER 
-O.OI31/"C 


Yellow 
-0. 0112/"C 


Green 
-0. 0104/oC 


Example: 
Iv'(80°C) = (25 mcd)e[-O,Ol12 
(80-25») 
= 14 mcd. 


Mechanical 
These light bar devices may 
be operated in ambie~t 
temperatures 
above +60°C 
without derating when installed 
in a PC board configuration that 
provides a thermal resistance 
pin to ambient value less than 
280°C/W/LED. See Figure 2 or 7 
to determine the maximum 
allowed thermal resistance for 
the PC board, Rep 
.A' which will 
permit nonderateJ 
operation in 
a given ambient temperature. 


To optimize device optical 
performance, specially developed 
plastics are used which restrict 
the solvents that may be used 
for cleaning. It is recommended 
that only mixtures of Freon 
(F113) and alcohol be used for 
vapor cleaning processes, with 


an immersion time in the vapors 
ofless than two (2) minutes 
maximum. Some suggested 
vapor cleaning solvents are 
Freon TE, Genesolv DES, 
Arklone A or K A 60°C (140°F) 
water cleaning process may also 
be used, which includes a 
neutralizer 
rinse (3% ammonia 
solution or equivalent), 
a 
surfactant 
rinse (1% detergent 
solution or equivalent), 
a hot 
water rinse and a thorough air 
dry. Room temperature 
cleaning 
may be accomplished with 
Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a 
mild detergent. 


For further information 
on 
soldering LEDs please refer tQ 
Application Note 1027. 


HEWLETT 
PACKARD 


• 
FLAT RECTANGULAR 
LIGHT 
EMITTING 
SURFACE 


• 
EXCELLENT 
ON/OFF 
CONTRAST 


• 
IDEAL AS FLUSH MOUNTED 
PANEL 
INDICATORS 


Description 


The HLMP-T200/-T300/-T400/-T500 
light 
bars are rectang- 
ular 
light 
sources 
designed 
for 
a variety 
of applications 
where 
this shape and a high 
sterance 
are desired. 
These 
light 
bars consist 
of a rectangular 
plastic 
case around 
an 


epoxy encapsulated 
LED lamp. The encapsulant 
is tinted to 
match the color of the emitted 
light. The flat top surface is 
exceptionally 
uniform 
in light emission 
and the plastic case 
eliminates 
light leakage from the sides of the device. 


NOTES: 
1. DIMENSIONS 
ARE IN MILLIMETAES 
(INCHES). 


2. TOLERANCES 
ARE 
.:0.25 
mm 
(.:0.010 
INCH) 


UNLESS 
OTHERWISE 
NOTED. 


i 
1.65 


(0.065) 


HIGH EFFICIENCY RED HLMP-T200 
SERIES 


YELLOW HLMP-T300 
SERIES 


ORANGE 
HLMP-T 400 SERIES 


HIGH PERFORMANCE GREEN HLMP-T500 
SERIES 


Applications 


• 
BAR GRAPHS 


• 
FRONT 
PANEL STATUS INDICATORS 


• 
TELECOMMUNICATIONS 
INDICATORS 


• 
PUSH BUTTON 
ILLUMINATION 


• 
PC BOARD IDENTIFIERS 


• 
BUSINESS 
MACHINE 
MESSAGE 
ANNUNCIATORS 


Device 


Symbol 
Description 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Iv 
Luminous 
Intensity 
High Efficiency 
Red 


T200 
3.0 
4.8 


Orange 
T400 
30 
4.8 


Yellow 
T300 
3.0 
4.8 
mcd 
IF=20mA 


Green 
T500 
30 
60 


201/2 
Included 
Angle 


Between 
Half 
All 
100 
Deg. 
IF = 20 mA 


Luminous 
Intensity 
See Note 1 


Points 


APEAK 
Peak Wavelength 
High 
Efficiency 
Red 
635 
Orange 
612 
Yellow 
583 
nm 
Measurement 
at Peak 


Green 
565 


Ad 
Dominant 
Wavelength 
High Efficiency 
Red 
626 


Orange 
608 
Yellow 
585 
nm 
See Note 2 


Green 
569 


TS 
Speed of Response 
High Efficiency 
Red 
350 


Orange 
350 


Yellow 
390 
ns 


Green 
870 


C 
Capacitance 
High Efficiency 
Red 
4 


Orange 
4 
Yellow 
8 
pF 
VF=O;f=l 
MHz 


Green 
11 


ROJc 
Thermal 
Resistance 
All 
120 
°CIW 
Junction 
to Cathode 


Lead at Seating 
Plane 


VF 
Forward 
Voltage 
HER/Orange 
1.5 
2.2 
2.6 


Yellow 
1.5 
2.2 
26 
V 
IF = 20 mA 


Green 
1.6 
2.3 
2.6 


VA 
Reverse Breakdown 
Volt. 
All 
5.0 
V 
IA = 100 p.A 


T/v 
Luminous 
Efficacy 
High Efficiency 
Red 
145 
,. 


Orange 
262 
lumens 
Yellow 
500 
Wall 
See Note 3 


Green 
595 


Notes: 
1. (-)1/2 is the oft-axis 
angle at which 
the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant wavelen9th, Ad, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of 
the device. 
3. Radiant intensity, Ie, in watts/steradian, 
may be found from the equation Ie = Iv/ryv,where Iv is the luminous intensity in candelas and ryvis 


the luminous 
efficacy 
in lumens/watt. 


High Efficiency Red, orange, Yellow, 
and Green Light Bars 
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Figure 3. Relative Luminous Intensity 
vs. DC Forward Current. 


Figure 4. Relative Elliciency (Luminous 


Intensity per Unit Current) vs. 
LED Peak Current. 
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High Efficiency Redl 


Parameter 
Orange 
Yellow 
Green - 


Units 


Peak Forward 
Current 
90 
60 
90 
mA 


Average Forward 
Current(1! 
25 
20 
25 
mA 


DC Current(Z) 
30 
20 
30 
mA 


Power Oissipationl3j 
135 
85 
135 
mW 


Operating 
Temperature 
Range 
-40 to +85 
-40 to +85 
-20 to +85 


°C 


Storage Temperature 
Range 
-55 to +100 
-55 to +100 
-55 to +100 


Reverse Voltage (IR = 100 !J.A) 
5 
V 


Transient Forward 
Current(4) 
500 
mA 
(10 !J.secPulse) 


Lead Soldering 
Temperature 
[1.6 mm (0.063 in.) below 
260° C for 3 seconds 
seating plane 1 


Notes: 
1. See Figure 5 to establish pulsed operating conditions. 
2. For Red, Orange, and Green derate linearly from 50°C at 0.5 mN° C. For Yellow derate linearly from 50°C at 0.34 mAIo C. 
3. For Red, Orange, and Green derate power linearly from 25°C at 1.6mW;oC. For Yellow derate power linearly from 50°C at 1.6mW;oC. 
4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damagin9 the LED die 
and wirebond. 
It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


The typical 
forward 
voltage 
values, 
scaled 
from 
Figure 
2, 


should 
be used for calculating 
the current 
limiting 
resistor 


values 
and typical 
power 
dissipation. 
Expected 
maximum 


VF 
values 
for 
the 
purpose 
of 
driver 
circuit 
design 
and 
maximum 
power 
dissipation 
may be calculated 
using 
the 
following 
VF models: 


VF = 1.8V + IpEAK(400) 


For IPEAK2 20 mA 


VF = 1.6V + loc (500) 


For 5 mA ~ loc ~ 20 mA 


The radiation 
pattern 
for these light 
bar devices 
is approx- 
imately 
Lambertian. 
The 
luminous 
sterance 
may be calc- 


ulated 
using one of the two following 
formulas: 


L 
( dl 
Z) = Iv (cd) 
v c 
m 
A (mZ) 


_ rr1v (cd) 


Lv (footlamberts) 
-A(it2) 


Size of light emitting 
area (A)= 3.18 mm x 5.72 mm 


= 18.19 x 10-6 mZ 


= 195.8 x 10-6 ftz 


These 
light 
bar 
devices 
may 
be 
operated 
in 
ambient 
temperatures 
above +50° C without 
derating 
when installed 


in a PC board 
configuration 
that 
provides 
a thermal 
re- 


sistance 
(junction 
to ambient) 
value less than 625° C/W. 


To optimize 
device 
optical 
performance, 
specially 
devel- 
oped 
plastics 
are used which 
restrict 
the solvents 
that may 


be used 
for 
cleaning. 
It is recommended 
that 
only 
mix- 


tures 
of 
Freon 
(F113) 
and 
alcohol 
be 
used 
for 
vapor 
cleaning 
processes, 
with 
an immersion 
time in the vapors 
of less than 
two 
(2) minutes 
maximum. 
Some 
suggested 
vapor 
cleaning 
solvents 
are Freon 
TE, Genesolv 
01-15 or 


OE-15, Arklone 
A or 
K. A 60°C 
(140°F) 
water 
cleaning 


process 
may 
also 
be used, 
which 
includes 
a neutralizer 


rinse 
(3% ammonia 
solution 
or equivalent), 
a surfactant 


rinse 
(1% detergent 
solution 
or 
equivalent), 
a hot 
water 
rinse and a thorough 
air dry. Room 
temperature 
cleaning 


may be accomplished 
with 
Freon T-E35 or T-P35, Ethanol, 


Isopropanol 
or water with a mild detergent. 


r//;. HEWLETT 
~r...•PACKARD 


to-Element 
Bar GraphArray 


Technical Data 
I:: 


.. 
HLCP-JI00 
HDSP-4820 
HDSP-4830 
HDSP-4832 
HDSP-4836 
HDSP-4840 
HDSP-4850 


Description 
These lO-element 
LED arrays 
are designed 
to display 
information 
in easily 
recognizable 
bar graph form. 


The packages 
are end stackable 
and therefore 
capable of 
displaying 
long strings 
of 
information. 
Use of these bar 
graph arrays 
eliminates 
the 
alignment, 
intensity, 
and color 
matching 
problems 
associated 
with discrete 
LEDs. The HDSP- 
4820/4830/4840/4850 
and 
HLCP-JI00 
each contain 
LEDs 
of one color. The HDSP-48321 
4836 are multicolor 
arrays 
with 
High Efficiency Red, Yellow, 
and High Performance 
Green 
LEDs in a single package. 


Features 
• Custom Multicolor 
Array 
Capability 
• Matched LEDs for Uniform 
Appearance 
• End Stackable 
• Package 
Interlock 
Ensures 
Correct Alignment 
• Low Profile Package 
• Rugged Construction 
• Large, Easily Recognizable 
Segments 
• High ON·OFF Contrast, 
Segment to Segment 
• Wide Viewing Angle 
• Categorized 
for Luminous 
Intensity 
• HDSP-4832/4836/4840/4850 
Categorized 
for Dominant 
Wavelength 
• HLCP-JI00 
Operates 
at 
Low Current 
Typical Intensity 
of 1.0 mcd 
at 1 mA Drive Current 


CUSTOM MULTICOLOR 
ARRAYS ARE AVAILABLE 
WITH MINIMUM 
DELIVERY 
REQUIREMENTS. 
CONTACT 
YOUR LOCAL DISTRIBUTOR 
OR HP SALES OFFICE 
FOR 
DETAILS. 


1. DIMENSIONS 
IN MILLlMETRES 
(INCHES). 


2. ALL 
UNTOLERANCED 
DIMENSIONS 
FOR 


REFERENCE 
ONLY. 


3. HDSP-4832/-4836/-4840/-4850 
ONL Y. 


Applications 
• Industrial 
Controls 
• Instrumentation 
• Office Equipment 
• Computer 
Peripherals 
• Consumer 
Products 
K 


o.38 
(0.015) 


l------J 
7.62 
! 0.38 
I 
I (0.300' 
0.015) 
II 
I l- 
2.54+ 
0.25 


{O~062~J~.=- 
1- 
(O.100±O.0101 


Red 
AlGaAsRed 
HER 
Yellow 
Green 
Parameter 
HDSP-4820 
HLCP-Jl00 
HDSP-4830 
HDSp·4840 
HDSP-4850 


Average Power Dissipation per 
63mW 
37mW 
87mW 
50mW 
105mW 
LED (TA = 25·C) 


Peak Forward Current per LED 
150mA[l] 
45mN2] 
90mN3] 
60mN3] 
90mN3] 


DC Forward Current per LED 
30mN·] 
15mN·] 
30mN5] 
20mN5] 
30mN5] 


Operating Temperature 
Range 
-40·C to +85·C 
-20·C to +lOO·C 
-40·C to +85·C 
-20·C to +85·C 


Storage Temperature 
Range 
-40·C to +85·C 
-55·C to +lOO·C 
-40·C to +85·C 


Reverse Voltage per LED 
3.0 V 
' 5.0V 
3.0V 


Lead Soldering Temperature 
(1.59 mm (1/16 inch) below 
260·C for 3 seconds!"] 
seating plane)l"] 


Notes: 
1. See Figure 
I to establish 
pulsed operating 
conditions. Maximum 
pulse width is 1.5 ms. 


2. See Figure 
2 to establish 
pulsed operating 
conditions. Maximum 
pulse width is 1.5 ms. 


3. See Figure 8 to establish 
pulsed operating 
conditions. Maximum 
pulse width is 2 ms. 


4. Derate maximum 
DC current 
for Red above T. = 62·C at 0.79 fiN·C, 
and AIGaAs Red above T. = 9I·C at 0.8 mA·C. See 


Figure 
3. 


5. Derate maximum 
DC current 
for HER above T. = 48·C at 0.58 fiN·C, 
Yellow above T. = 70·C at 0.66 fiN·C, 
and Green above 


T. = 37·C at 0,48 mAl"C. See Figure 9. 
6. Clean only in water, isopropanol, 
ethanol, 
Freon TF or TE (or equivalent), 
or Genesolve DI-I5 (or equivalent). 


7. Absolute maximum 
ratings 
for HER, Yellow, and Green elements 
of the multi color arrays are identical 
to the HDSP4830/48401 


4850 maximum 
ratings. 


8. Maximum 
tolerable 
component 
side temperature 
is I34"C during solder process. 


. 


b 
, 


d. 


f, 


h 


~; 
~ j 


VI 


Pin 
Function 
Pin 
Function 


1 
Anode a 
11 
Cathodej 


2 
Anode b 
12 
Cathodei 


3 
Anode c 
13 
Cathode h 


4 
Anode d 
14 
Cathode g 


5 
Anode e 
15 
Cathodef 


6 
Anode f 
16 
Cathode e 


7 
Anode g 
17 
Cathode d 


8 
Anode h 
18 
Cathode c 


9 
Anode i 
19 
Cathode b 


10 
Anodej 
20 
Cathode a 


HDSP-4832 
HDSP-4836 
Segment 
Segment 
Color 
Segment 
Color 


a 
HER 
HER 


b 
HER 
HER 


c 


> 
HER 
Yellow 


d 
Yellow 
Yellow 


e 
Yellow 
Green 


f 
Yellow 
Green 


g 
Yellow 
Yellow 


h 
Green 
Yellow 


i 
Green 
HER 
j 
Green 
HER 


Electrical/Optical 
Characteristics 
at TA = 25°C(4) 
Red 
HDSP-4820 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
per LED 
Iv 
610 
1250 
}led 
I,.=20mA 
(Unit Average)!1! 


Peak Wavelength 
i.. 


pEAK 
655 
nm 


Dominant 
Wavelengthl2! 
i... 
645 
nm 


Forward Voltage per LED 
Vp 
1.6 
2.0 
V 
I,.=20mA 


Reverse Voltage per LE0'5) 
VB 
3 
12 
V 
~= 
100~ 
Temperature 
Coefficient Vp per LED 
I!Vp1°C 
-2.0 
mVrC 


Thermal 
Resistance 
LED Junction-to-Pin 
R8,.PIN 
300 
°CIWILED 


Parameter 
Symbol 
MiD. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
per LED 
Iv 
600 
1000 
}led 
I,.=lmA 
(Unit Average)!ll 
5200 
I,.=20mAPk; 
1 of 4 Duty Factor 
Peak Wavelength 
i.. 


pEAK 
645 
nm 
Dominant 
Wavelengthl2! 
i... 
637 
nm 


Forward Voltage per LED 
Vp 
1.6 
V 
I,.=lmA 


1.8 
2.2 
I,.=20mA 
Reverse Voltage per LE0'5! 
VB 
5 
15 
V 
~= 
100~ 
Temperature 
Coefficient Vpper LED 
I!Vp/oC 
-2.0 
mVrC 


Thermal 
Resistance 
LED Junction -to-Pin 
R8,.PIN 
300 
°CIWILED 


I> 


.. 


Parameter 
Symbol 
MiD. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
per LED 
Iv 
900 
3500 
jlcd 
Ip = 10 mA 
(Unit 
Average)!"'J 


Peak Wavelength 
ApEAK 
635 
nm 


Dominant 
Wavelengthl'J 
A. 
626 
nm 


Forward 
Voltage 
per LED 
Vp 
2.1 
2.5 
V 
Ip = 20 mA 


Reverse 
Voltage 
per LEI)l5J 
VB 
3 
30 
V 
Ia - 100 f1A 


Temperature 
Coefficient 
Vp per LED 
!'J.VpfoC 
-2.0 
mVfOC 


Thermal 
Resistance 
LED Junction-to-Pin 
R9,.••• 
300 
°CIWILED 


Parameter 
Symbol 
MiD. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
per LED 
Iv 
600 
1900 
jlcd 
Ip= 10mA 
(Unit 
Average)!"') 


Peak Wavelength 
ApEAK 
583 
nm 
Dominant 
Wavelengthl2 
••••J 
A. 
581 
585 
592 
nm 


Forward 
Voltage 
per LED 
Vp 
2.2 
2.5 
V 
1p=20mA 
Reverse 
Voltage 
per LEDI51 
VB 
3 
40 
V 
Ia = 100 f1A 


Temperature 
Coefficient 
Vp per LED 
!'J.VpfoC 
-2.0 
mVfOC 


Thermal 
Resistance 
LED Junction-to-Pin 
R9, .••• 
300 
°CIWILED 


Parameter 
. 
Symbol 
MiD. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
per LED 
Iv 
600 
1900 
j1cd 
Ip = 10 mA 
(Unit 
Average)lI··) 


Peak Wavelength 
ApEAK 
566 
nm 
Dominant 
Wavelengthl 
••..• 
1 
A. 
571 
577 
nm 


Forward 
Voltage 
per LED 
Vp 
2.1 
2.5 
V 
Ip = 10 mA 
Reverse 
Voltage 
per LEI)l5J 
VB 
3 
50 
V 
Ia - 100 f1A 
Temperature 
Coefficient 
Vp per LED 
!'J.VpfOC 
-2.0 
mVfOC 


Thermal 
Resistance 
LED Junction-to-Pin 
R9,._ 
300 
°CIWILED 


Notes: 
1.The bar graph arrays are categorized for luminous intensity. The category is designated by a letter located on the side of the 
package. 


2. The dominant wavelength, 
Ad' is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. 
3. The HDSP-48321·48361-48401-4850 
bar graph arrays are categorized by dominant wavelength with the category designated by a 
number adjacent to the intensity category letter. Only the yellow elements of the HDSP-48321-4836 are categorized foreolor. 


4. Electrical/optical characteristics 
of the High-Efficiency Red elements ofthe HDSP-48321-4836 are identical to the HDSP-4830 
characteristics. 
Characteristics 
of Yellow elements ofthe HDSP-48321-4836 are identical to the HDSP-4840. Characteristics 
of 
Green elements ofthe HDSP-48321-4836 are identical to the HDSP-4850. 
5. Reverse voltage per LED should be limited to 3.0 V max. for the HDSP-48201483014840148501483214836and 5.0 V max. for the 
HLCP.Jl00. 
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Figure 
3. Maximum Allowable 
DC 


Current 
vs. Ambient 
Temperature. 
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Figure 
6. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current 
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Figure 
5. Forward 
Current 
vs. 
Forward 
Voltage. 
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4. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 


Figure 
7. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current 
- 
AlGaAs. 


For a Detailed Explanation 
on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See 
Application Note 1005. 
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Figure 
9. Maximum Allowable 
DC 
Current 
vs. Ambient 
Temperature. 
TJMAX 
- 
100°C. 


Figure 
10. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 
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Figure 
11. Forward 
Current 
vs. 
Forward 
Voltage. 


Figure 
12. Relative 
Luminous 
Intensity 
va. DC Forward 
Current. 


For a Detailed Explanation 
on the Use of Data Sheet Information 
and Recommended 
Soldering Procedures, See 


Application Note 1005. 


Electrical/Optical 
These versatile bar graph 
arrays are composed often light 
emitting diodes. The light from 
each LED is optically stretched 
to form individual 
elements. 
The Red (HDSP-4820) bar 
graph array LEDs use a p-n 
junction diffused into a GaAsP 
epitaxial layer on a GaAs 
substrate. 
The AlGaAs Red 
(HLCP-JlOO) bar graph array 
LEDs use double heterojunction 
AlGaAs on a GaAs substrate. 
HER (HDSP-4830) and Yellow 
(HDSP-4840) bar graph array 
LEDs use a GaAsP epitaxial 
layer on a GaP substrate. 
Green 
(HDSP-4850) bar graph array 
LEDs use liquid phase GaP 
epitaxial layer on a GaP sub- 
strate. The multicolor bar graph 
arrays (HDSP-4832/4836) have 
HER, Yellow, and Green LEDs 
in one package. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 5 and 11. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. 
Expected 
maximum VFvalues for driver 
circuit design and maximum 
power dissipation 
may be 
calculated using the following 
VFMAXmodels: 


Standard 
Red HDSP-4820 
series 
V~ 
= 1.8 V + Ipeak(10 Q) 


For: Ipeak2': 5 mA 


AlGaAs Red HLCP-J100 series 
V~ 
= 1.8 V + Ipeak(20 Q) 
For: Ipeak$ 20 mA 
V~ 
= 2.0 V + Ipeak(10 Q) 
For: Ipeak2': 20 mA 


HER (HDSP-4830) and Yellow 
(HDSP-4840) series 
V~ 
= 1.6 + Ipeak(45 Q) 
For: 5 mA $ Ipeak$ 20 mA 
V~ 
= 1.75 + Ipeak(38 Q) 
For: Ipeok2': 20 mA 


Green (HDSP-4850) series 
VFMAX= 2.0 + Ipeak(50 Q) 
For: Ipeak> 5 mA 


Figures 4 and 10 allow the 
designer to calculate the 
luminous intensity 
at different 
peak and average currents. The 
following equation calculates 
intensity 
at different peak and 
average currents: 


lyAVG = (I~ VG!I~ VG DATA 
SHEET)(T1peak)(lyDATA 
SHEET) 


Where: 
lyAVG is the calculated time 
averaged luminous intensity 
resulting from I~ VG. 
I~VG 
is the desired time 
averaged LED current. 


I~VG 
DATA SHEET is the 
data sheet test current for 
lyDATA SHEET. 
T1peak 
is the relative efficiency at 
the peak current, 
scaled from 
Figure 4 or 10. 


Iy DATA SHEET is the data 
sheet luminous intensity, 
resulting 
from I~ VG DATA 
SHEET. 


For example, what is the 
luminous intensity 
of an HDSP- 
4830 driven at 50 mA peak 1J5 
duty factor? 


I~ VG = (50 mA)(O.2) = 
lOmA 
I~VG 
DATA SHEET = 10 mA 
T1Peak 
= 1.3 
Iy DATA SHEET = 3500 licd 


lyAVG = 00 mAl10 mA) 
(1.3)(3500 licd) 
= 4550 licd 
I:: 


.. 


r/"~ HEWLETT 
~e..PACKARD 


101 Element Bar Graph Array 


Features 
• High Resolution 
(l %) 
• Excellent 
Element 
Appearance 
Wide, Recognizable 
Elements 
Matched LEDs for 
Uniformity 
Excellent 
Element 
Alignment 


• Single-in-line 
Package 
Design 
Sturdy Leads on Industry 
Standard 
2.54 mm 


(0.100 in.) Centers 
Environmentally 
Rugged 
Package 


Package Dimensions[l, 2]- 


.25 x .76 


1.010 x .0301 
~ 


PROTECTIVE 
RAILS 
" 


Common Cathode 
Configuration 
• Low Power Requirements 
1.0 mAAverage 
per 
Element at 1%Duty Cycle 
• Support 
Electronics 
Easy Interface 
with 
Microprocessors 


Applications 
• Industrial 
Process Control 
Systems 
• Edgewise Panel Meters 
• Instrumentation 
• Position 
Indicators 
• Fluid Level Indicators 


I;:';:-~-6)-I-11 


I~.~ 
105.77.t 
.28 
(4.164 t .011) 


5.3 
(.2101 
! ~ 


fT~ 
5.99.t 
.20 


(.236 t .008) 
PIN 1 
13} 
:y PIN lOCATlor"S 
ON 
PIN 37 ~ 


716" 
15 
lOCATION 
2.54 mm (.100") 
CENTERS 
LOCATION 


(.282.1-.006)- 
91.4:!: 
0.13 


(3.60 
, .005) 


NOTES: 
1. ALL 
DIMENSIONS 
IN MILLIMETAES 
AND 
(INCHES). 


2. ALL 
UNTQLERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY: 


3. PIN 1 IDENTifiED 
BY INK DOT 
ADJACENT 
TO LEAD 
AND 
HP 
PART 
NUMBER 
ON BACK 
OF PACKAGE. 


HDSP-8820 
HDSP·8825 
HDSP-8835 


Description 
The HDSP-88XX series is a 
family of 10l-element 
LED 
linear arrays designed to 
display information in easily 
recognizable bar graph ·or 
position indicator form. The 
HDSP-8820, utilizing red 
GaAsP LED chips assembled on 


.635:!: 0.13 
(.02S 
t .005) 
__I_ct. PACKAGE 
-r'i. LEOS 


NOTE 4 


+-00 
r 


L 


101 LEOS 
(NON-ACCUM 
TOLERANCES) 


2.9 
± .15 


(.114 
± .0061 


(BOTH 
ENOSI rn 
! 


!~=-(~~~) 
sa 


127.013 
11 
t 
(050i 
0051- 
1- 
889±0.5 


, 
(0 350 
± 0.02) 
, 


<t. PACKAGE 
4. SEGMENT 
WIDTH 
DIMENSION 
IS 1.52 mm (.060) 
FOR 


HDSP-8820 
AND 
1.02 mm (.040) 
fOR 
HDSP-882S 
AND 
HDSP-883S. 


ALL 
OTHER 
DIMENSIONS 
INCLUDING 
CENTERLINE 
OF LEOs 


AND 
PACKAGE 
ARE 
IDENTICAL 
ON ALL3 
DEVICES. 


a PC board and enclosed in a 
performance green respectively, 
red polycarbonate cover with an 
each with a 1.02 mm (0.040 
epoxy backfill seal, has 1.52 mm 
inch) segment width. The 
(0.060 inch) wide segments. The 
HDSP-8825 and HDSP-8835 
HDSP-8825 and HDSP-8835 are 
have a clear polycarbonate lens. 
high efficiency red and high 
Mechanical considerations and 
Internal 
Circuit Diagram[5,6] 
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NOTES: 


5. elEMENT 
LOCATION 
NUMBER" 
COMMON 
CATHODE 
NUMBER 
+ ANODE 
NUMBER. 


FDA EXAMPLE, 
ELEMENT 83 IS OBTAINES BY ADDRESSING C80 AND A3. 


6. A' AND C' ARE ANODE AND CATHODE OF ELEMENT ZERO. 


pin-out are identical among all 
3 devices. The common cathode 
chips are addressed via 22 
single-in-line pins extending 
from the back side ofthe 
package. 
Device Pin Description 


PIN 
LOCATION 
FUNCTION 


1 
CO 
2 
A4 
3 
C'(6) 
4 
No Pin 
5 
C10 
6 
A1 


7 
A8 
8 
No Pin 
9 
C20 
10 
No Pin 
11 
A'(6) 
12 
No Pin 
13 
C30 
14 
No Pin 
15 
A7 
16 
No Pin 
17 
C40 
18 
No Pin 
19 
A2 
20 
No Pin 
21 
C50 
22 
No Pin 
23 
A3 
24 
No Pin 
25 
C60 
26 
No Pin 
27 
A10 
28 
No Pin 
29 
C70 
30 
No Pin 
31 
A9 
32 
No Pin 
33 
C80 
34 
A5 
35 
A6 
36 
No Pin 
37 
C90 


I:: 


.. 


Parameter 
HDSP-8820 
HDSP-8825 
HDSP-8835 


Average 
Power 
per Element 
(TA = 25° C) 
15 mW 
20mW 
20mW 


Peak Forward 
Current 
per Element 
200 mA 
150 mA 
150 mA 


(TA = 25°C)17J (Pulse 
Width:5 
300 /ls) 


Average 
Forward 
Current 
per Element 
7 mA 
5 mA 
5mA 


(TA = 25° C)iBJ 


Operating 
Temperature 
Range 
-40° 
to +85° C 
-40° 
to +85° C 
-40° 
to +85° C 


Storage 
Temperature 
Range 
-40° 
to+85°C 
-40° 
to +85°C 
-40° 
to +85° C 


Reverse 
Voltage 
per Element 
or DP 
5.0 V 
5.0 V 
5.0 V 


Lead Solder 
Temperature 
1.59 mm [1.16 inchl 
260° C for 3 sec. 
260° C for 3 sec. 
260° C for 3 sec. 


below 
seating 
planel91 


Notes: 
7. See Figures 
1 and 2 to establish 
pulsed operating 
conditions. 


8. Derate 
maximum 
average' forward 
current 
above TA = 70° C at 0.16 mAl"ClElement 
for the HDSP-8820 
and 0.11 mAl"C1 


Element 
for the HDSP-8825 
and HDSP-8835. 
See Figures 
3 and 4. 


9. Clean only in water, 
Isopropanol, 
Ethanol, 
Freon TF or TE (or equivalent) 
and Genesolv 
DI-15 or DE-15 (or equivalent). 
See 


mechanical 
section 
of this data sheet for infonnation 
on wave soldering 
conditions. 


Electrical/Optical Characteristics at TA = 25°C 


RED HDSP-8820 


Parameter 
Symbol 
Units 
Min. 
Typ. 
Max. 
Test 
Conditions 


Time 
averaged 
Luminous 
Intensity 
per Element 
100 mA 
Pk.: 1 of 110 


(Unit 
average) 
1101 
Iv 
/lcd 
8 
20 
Duty 
Factor 


Peak Wavelength 
APEAK 
nm 
655 


Dominant 
Wavelength 
1111 
Ad 
nm 
640 


Forward 
Voltage 
per Element 
VF 
V 
1.7 
2.1 
IF = 100 mA 


Reverse 
Voltage 
per Element 
VR 
V 
3.0 
IR = 100 /lA 


Temperature 
Coefficient 
VF per Element 
/:;VF/oC 
mV;oC 
-2.0 


Thermal 
Resistance 
LED Junction-to-Pin 
R0J-PIN 
°C/W/ 
700 


LED 


Parameter 
Symbol 
Units 
Min. 
Typ. 
Max. 
Test 
Conditions 


Time 
averaged 
Luminous 
Intensity 
per Element 
100 mA 
Pk.: 1 of 110 


(Unit 
average) 
1101 
Iv 
/lcd 
60 
175 
Duty 
Factor 


Peak Wavelength 
APEAK 
nm 
635 


Dominant 
Wavelength 
1111 
Ad 
nm 
626 


Forward 
Voltage 
per Element 
VF 
V 
2.3 
3.1 
IF = 100 mA 


Reverse 
Voltage 
per Element 
VR 
V 
3.0 
IR = 100 /lA 


Temperature 
Coefficient 
VF per Element 
:;"VF/oC 
mV/oC 
-2.0 


Thermal 
Resistance 
LED Junction-to-Pin 
R(-)J-PIN 
°C/W/ 
1000 


LED 


Electrical/Optical Characteristics at TA = 25°C (continued) 


HIGH 
PERFORMANCE 
GREEN HDSP-8835 


Parameter 
Symbol 
Units 
Min. 
Typ. 
Max. 
Test 
Conditions 


Time 
Averaged 
Luminous 
Intensity 
per Element 
100 mA Pk.: 1 of 110 
(Unit 
averagel1101 
1v 
"cd 
70 
175 
Duty 
Factor 


Peak Wavelength 
APEAK 
nm 
568 


Dominant 
Wavelength 
[111 
Ad 
nm 
574 


Forward 
Voltage 
per Element 
VF 
V 
2.3 
3.1 
IF=100mA 


Reverse 
Voltage 
per Element 
VR 
V 
3.0 
IF=100"A 


Temperature 
Coefficient 
VF per Element 
:;VFfOC 
mV/oC 
-2.0 


Thermal 
Resistance 
LED Junction-to-Pin 
Rt-)J-PIN 
°C/W/ 
1000 
LED 
- 


Notes: 
10. Operation 
at Peak currents 
ofless 
than 
100 mA may cause intensity 
mismatch. 
Consult 
factory for low current 
operation. 
11. The dominant 
wavelength, 
Ad, is derived from the CIE chromaticity 
diagram 
and is the single wavelength 
which defines the 
color of the device. 
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Figure 
3. Maximum 
Allowable 
D.C. 
Current 
per LED vs. Ambient 
Temperature. 
Deratings 
Based on 
Maximum 
Allowable 
Thermal 
Resistance, 
LED Junctionato- 
Ambient 
on a per LED Basis. 
TJMAX 
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Figure 
5. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Segment 
Current. 
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ROJA = 2ooO"ClW/lED 


Figure 
4. Maximum 
Allowable 
D.C. 


Current 
per LED vs. Ambient 
Temperature. 
Deratings 
Based on 
Maximum 
Allowable 
Thermal 
Resistance, 
LED Junction-to- 
Ambient 
on a per LED Basis. 


TJMAX• 
1111'C HDSP-88251 


HDSP-8835. 


200 


<t 
lS0 


E 
I 
160 
•... 
ffi 
140 
a:a: 
::> 
120 
u 
0a: 
100 
<t;: 
a: 
so 
it 
" 


60 
~ 
40 
I~ 
20 


e----- 
HDSP-8820 


II 


I 
HDSP-8825 
, 


1>- 
HDSP-8835 


Figure 
6. Forward 
Current 
vs. 


Forward 
Voltage. 


Operational 
Considerations 
Electrical 
The HDSP-88XX is a 101 
element bar graph array. The 
linear 
array is arranged 
as ten 
groups of ten LED elements 
plus one additional 
element. 
The ten elements 
of each group 
have common cathodes. 
Like 
elements 
in the ten groups have 
common anodes. The device is 
addressed 
via 22 single-in-line 
pins extending 
from the back 
side of the display. 


This display is designed' 
specifically for strobed 
(multiplexed) 
operation. 


Minimum 
peak forward 
current 
at which all elements 
will be 
illuminated 
is 15 mA Display 
aesthetics 
are specified at 100 
mA, 11110 DF, peak forward 
current. 
The typical forward 
voltage values, 
scaled from 
Figure 6 should be used for 
calculating 
the current 
limiting 
resistor 
value and typical power 
dissipation. 
Expected 
maximum 
VF values, for the purpose of 
driver circuit design and 
maximum 
power dissipation, 
may be calculated 
using the 
following VF model: 


HDSP-8820 
VFMAX= 2.02 V + IPEAK(0.80) 
For IpEAK> 40 mA 


HDSP-8825 
VFMAX= 1.7 V + IpEAK(14 0) 
For IpEAK> 40 mA 


HDSP-8835 
VFMAX= 1.7 V + IpEAK(14 
For IpEAK> 40 mA 


The time averaged 
luminous 
intensity 
at TA = 25° C may be 
calculated 
using: 


Iv Time Avg. = 
[IF-Avd!F-sPEc.AVG]. 11IpEAK 
. IV-SPEC 


where 11, relative 
efficiency, may 
be determined 
from Figure 5. 


The circuit in Figure 7 displays 
an analog input voltage in bar 
graph form with 101 bit 
resolution. 
The 74390 dual 
decade counter has been 
configured to count from 0 to 99. 
The 1Q outputs 
correspond 
to 
"ones" and the 20 outputs 
correspond 
to "tens". The "one" 
outputs 
from the counter drives 
the display element 
anodes 
through 
a 7442 1 of 10 BCD 
decoder. Sprague 
UDN 2585 
drivers source the anodes with 
80 mA peak/segment. 
The "ten" 
outputs 
from the counter drive 
the group cathodes 
through 
a 
74145 BCD decoder. The circuit 
multiplexes 
segments 
100 to 91 
first, then segments 
90 to 81, 
and so on with segments 
10 to 1 
last. During the time that the 
output from the T.l. TL507C 
NO converter 
is low the 
corresponding 
display elements 
will be illuminated. 


The TL507C is an economical 
NO converter 
with 7 bit 
resolution. 
The single output is 
pulse-width-modulated 
to 
correspond 
to the analog input 
voltage magnitude. 
With Vcc = 
5 V the analog input voltage 
range is 1.3 V to 3.9 V. The 
TL507C output is reset each 
time the 74390 resets. 
Duration 


of the high output 
pulse is 
shorter 
for larger analog input 
voltages. A high output 
from the 
TL507C disables the display by 
forcing the 7442 inputs to an 
invalid state. Hence, as the 
analog input voltage increases 
more elements 
of the bar graph 
display are illuminated. 
Display 
element 
zero is DC driven. 


The circuit in Figure 8 uses the 
HDSP-88XX as a 100 bit 
position indicator. 
Two BCD 
input words define the position 
of the illuminated 
element. 
Display duty factor, 
11100, is 
controlled 
by the ENABLE 
signal. 


Mechanical 
Suitable 
conditions 
for wave 
soldering 
depend on the specific 
kind of equipment 
and 
procedure 
used. A cool down 
period after flow solder and 
before flux rinse is 
recommended. 
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Panel and Legend Mounts for 
LED Light Bars 


Features 
• Firmly 
Mounts 
Light Bars 
in Panels 
• Holds Legends 
for Front 
Panel 
or PC Board 
Applicationsl1J 
• One Piece. 
Snap-in 
Assembly 
• Matte Black Bezel Design 
Enhances 
Panel 
Appearance 
• Four Sizes Available 
• May Be Installed 
in a Wide 
Range 
of Panel 
Thicknesses 
• Panel 
Hole Easily Punched 
or Milled 


Description 
This series of black plastic bezel 
mounts is designed to install 
Hewlett-Packard 
Light Bars in 


instrument 
panels ranging in 
thickness from 1.52 mm (0.060 
inch) to 3.18 mm (0.125 inch). A 
space has been provided for 
holding a 0.13 mm (0.005 inch) 
film legend over the light 
emitting surface of the light bar 
module. 


HLMP·2598 
HLMP·2599 
HLMP·2898 
HLMP·2899 


Panel and 
Corresponding 
Legend 
Light Bar Module 
Mount 
Part No. 
Part No. 
Package 
HLMp· 
HLCP· 
HLMP· 
Panel Hole Installation 
Dimensions[21 
Outline 


2598 
B100 
2350,2450,2550 
7.62 mm (0.300inch) x 22.86 mm (0.900inch) 
1::1 
B 


2599 
A100 
2300,2400,2500 
7.62 mm (0.300inch) x 12.70 mm (0.500inch) 
C 
A 


2898 
D100 
2600,2700,2800 
12.70rrim(0.500inch) x 12.70 mm (0.500inch) 
C 
C100 
2655,2755,2855 
0 
2950,2965,2980 


2899 
E100 
2620,2720,2820 
12.70mm (0.500inch) x 22.86 mm (0.900inch) 
D 
F100 
2635,2735,2835 
CJ 
GlOO 
2670,2770,2870 
H100 
2685,2785,2885 


Notes: 
1. Application 
Note 1012 addresses 
legend fabrication 
options. 


2. Allowed hole tolerance: 
+0.00 mm, ·0.13 mm (+0.000 inch, ·0.005 inch). Permitted 
radius: 
1.60 mm (0.063 inch). 


2-38 


---+1 
1372·025 
1_ 
I 
23.88!O.25 
~ 
I (0.5'40: 
O.()10) 
- 
(0.940 
± 0.010) 
I 
,,£0 ,:;" 
I~I 
II1I 


Tope 
~ 
TOPD 


NOTES: 
1. DIMENSIONS 
IN MILUMETAES 
(INCHES) 


2. UNTOLEAANCED 
DIMENSIONS 
ARE FOR 


REFERENCE ONLY, 


Mounting Instructions 
1. MiIl(3)or punch a hole in the 
panel. Deburr, but do not 
chamfer, the edges of the 
hole. 


2. Place the front of the mount 
against a solid, flat surface. A 
film legend with outside 
dimensions equal to the 
outside dimensions ofthe 
light bar may be placed in the 
mount or on the light bar 
light emitting surface. Press 
the light bar into the mount 
until the tabs snap over the 
back of the light bar{4].When 
inserting the HLMP-2898, 
align the notched sides ofthe 
light bar with the mount 
sides which do not have the 
tabs). (See Figure 1.) 


3. Applying even pressure to the 
top of the mount, press the 
entire assembly into the hole 
from the front of the panel(5J. 
(See Figure 2.) 


Note: For thinner panels, the 
mount may be pressed into the 
panel first, then the light bar 
may be pressed into the mount 
from the back side of the panel. 


Suggested Punch 
Sources 
Hole punches may be ordered 
from one of the following 
sources: 


Danly Machine Corporation 
Punch rite Division 
15400 Brookpark Road 
Cleveland, OH 44135 
(216) 267-1444 


Notes: 
3. A 3.18 nun (0.125 inch) diameter 
mill may be used. 


4. Repetitve 
insertion 
of the light bar into mount may cause damage 
to the mount. 
5. Repetitive 
insertion 
of the mount into the panel will degrade 
the retention 
force of 
the mount. 


o 


SIDE A,B 


0.76 
11----1 
6.22 
± 0.25 
(0.030)- 
I (O,245:t 
0.010) 


o 


Ring Division 
The Producto Machine 
Company 
Jamestown, 
NY 14701 
(800) 828-2216 


Porter Precision Products 
Company 
12522 Lakeland Road 
Santa Fe Springs, CA 90670 
(213) 946-1531 


Di-Acro Division 
Houdaille Industries 
800 Jefferson Street 
Lake City, MN 55041 
(612) 345-4571 
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LED Light Bars 
Standard Options 


Description 
Due to applications 
that require 
tightly matched 
devices, 
Hewlett-Packard 
has developed 
several 
standard 
options to 
service these requirements. 


Option 802 consists of devices 
which are selected to two Iv 
categories. 
All color bins of the 
base parts 
(yellow and green 
devices) fulfill the color 
requirements 
of these products. 


Option 822 consists of devices 
which are selected to two Iv 
categories 
and two color bin 
categories. 


Ordering Information 
To order Light Bars with these 
standard 
options, order 
the 
base part number 
and add the 
option code (802, 822). 
For any 
base part number 
that does not 
appear 
in the following tables, 
please consult your local 
Hewlett-Packard 
representative 
or your local franchise 
distributor. 


OPTION 802 - Partial 
base 
part number list: 


HD8P-4820 
HD8P-4830 
HD8P-4840 
HD8P-4850 
HLCP-AIOO 
HLCP-BIOO 
HLCP-CIOO 
HLCP-DIOO 
HLCP-EIOO 
HLCP-FlOO 
HLCP-GIOO 
HLCP-HIOO 
HLMP-2300 
HLMP-2316 
HLMP-2350 
HLMP-2400 
HLMP-2450 
HLMP-2500 
HLMP-2550 
HLMP-2600 
HLMP-2620 
HLMP-2635 
HLMP-2655 
HLMP-2670 
HLMP-2685 
HLMP-2700 


I:; 


.. 


HLMP-2720 
HLMP-2735 
HLMP-2755 
HLMP-2770 
HLMP-2785 
HLMP-2800 
HLMP-2820 
HLMP-2835 
HLMP-2855 
HLMP-2870 
HLMP-2885 
HLMP-2950 


OPTION 822 • Partial 
base 
part number list: 


HLMP-2400 
HMLP-2500 
HLMP-2855 
HLMP-2965 
HLMP-2450 
HLMP-2735 
HLMP-2755 
HLMP-2785 
HLMP-2885 
HLMP-2550 
HD8P-4840 
HD8P-4850 
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Solid State Lamps 


• AllnGaP Lamps 
• AlGaAs Lamps 
• General Purpose Lamps 
• Special Purpose Lamps 
• Standard Options 
• JAN Qualified Hermetic Lamps 
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Solid State Lamps 


From General to Special 
Purpose Solid State Lamps, 
Hewlett-Packard 
continues to 
grow its LEO lamp product 
offering. This year, HP has 
expanded its material technol- 
ogy from AS AlGaAs to TS 
AlGaAs and then to AlInGaP. 


In coupling with its superior 
packaging technology, HP is 
ready to address the growth 
sector ofhigh brightness 
applications such as Moving 
Message Panels and Automotive 
Exterior Lightings. In addition, 
these LEOs are capable of being 
driven by higher current than 
traditional 
LEOs and this 
results in increased light 
output. Finally, designers will 
have a high reliability 
alternative 
to applications 


which traditionally 
required the 
brightness 
supplied by 
incandescent bulbs. 


NEWProduct Offerings! 
Solid 
State 
Lamps 
High Power AlInGaP Amber and 
Reddish 
Orange Lamps 
HLMA-BLOO/CLOO/CHOO/DHOO/ 
DGOO/DLOO/KLOO/QLOO/QHOO 
HSMA-T125, 
HSMI,T125 
These lamps utilize a newly 
developed aluminum 
indium 
gallium phosphide 
LED material 
and are available 
in various 
water clear packages. 
This 
material 
has a very high 
luminous 
efficiency, capable of 
producing 
high light output over 
a wide range of drive currents. 
The lamp package incorporates 
an advanced 
optical design that 
produces an extremely high peak 
intensity 
within a very narrow 
viewing angle. 


Blue 
T.13/4, 5 mm Lamps 


HLMP-DBOOIHLMP-DB15 
These untinted 
diffused 
and 
nondiffused 
T-13 / 4 LED blue 
lamps utilize single crystal 
silicon carbide technology. The 
color is an 80% saturated 
blue 
with a dominant 
wavelength 
of 
481 nanometers. 


Low Profile 
Surface 
Mount 
Indicator 
Lamps 


HSMX-C650/C670, 
HSMF-C655 
These single and bicolor LEDs 
are designed 
in an industry 
standard 
package for ease of 
handling 
and use. Five different 


LED colors are available 
in two 


compact, low profile, single color 
packages. 


Surface 
Mount 
Lamps 


HSMS- 
TXOO/HSMS- 
TXOO/HSMD· 


TXOO/HSMY- 
TXOO/HSMG- 
TXOO 
These solid state surface mount 
indicators 
are designed 
with a 
flat top and sides to be easily 
handled 
by automatic 
placement 


equipment. 
Two new colors were 


added to the existing product 
family. 
They are now available 


in yellow and High Performance 
Green as well as DH AIGaAs 
Red, HER, and orange. 


High 
Power 
T·13/4, 5 mm TS 
AlGaAs 
Red Lamps 


HLMP-Cl00, 
HLMP-CllO 
These lamps utilize the highly 
optimized 
LED material, 


transparent 
substrate 
aluminum 


gallium 
arsenide, 
and are 


available 
in untinted 
non- 
diffused 
T-13 /4, 5 mm packages. 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 
, 
Amber 
T-4 
Untinted 
15.0 cd 
30 
1.9 V 
3-30 
c=:lF- 


New HLMA-BLOO 
(592 nm) 
Nandiffused 


~:::: 
Ne~ HLMA-CHOO 
Amber 
T-P/4 
Untinted 
3000 
70 
3-24 
Ne~ HLMA-CLOO (592 nm) 
Nandiffused 
mcd 
and 
Ne~ HLMA-DGOO Reddish 
600 
300 


~ 
= 
Ne~ HLMA-DHOO 
Orange 
800 
= 
Nej 
HLMA-DLOO 
(615/ 
1000 
622nm) 
mcd 


~~ 
Ne~ HLMA-KHOO 
T-l 
200 
450 
NeW HLMA-KLOO 
mcd 
.j 
c:[} 
Ne~ HLMA-QHOO 
Subminiature 
500 
280 


Nej 
HLMA-QLOO 
mcd 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 


I 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 


Nej 
HLMP-DBOO 
Blue 
T-P/4 
Diffused 
3.0 mcd 
38 
3V 
3-33 
~= 
Nej HLMP-DBI5 
Untinted 
12 mcd 
15 
Nandiffused 


• 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 


I 


Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
@20mA 
No. 


tolej HSMH-C650 
DH 
Very low profile, 
Flat 
16.0 
1.8 
3-37 
[OJ 


AIGaAs 
Small footprint 
Diffused 
Red 
tolej HSMH-C670 
(639 nm) 
Very low profile, 


-C650 
Very small footprint 


tolej 
HSMS-C650 
HER 
Very low profile, 
5.0 
1.9 
0 


(626 nm) 
Small footprint 


tolej HSMS-C670 
Very low profile, 
Very small footprint 


-C670 
I 
tolej HSMD-C6S0 
Orange 
Very low profile, 
4.0 
2.1 
0 


(604 nm) 
Small footprint 


tolej HSMD-C670 
Very low profile, 
Very small footprint 


-C655 
tolej HSMY-C650 
Yellow 
Very low profile, 
5.0 
2.1 
(S84 nm) 
Small footprint 


tolej HSMY-C670 
Very low profile, 
Very small footprint 


tolej HSMG-C650 
Green 
Very low profile, 
9.0 
2.2 
(571 nm) 
Small footprint 


tolej HSMG-C670 
Very low profile, 
Very small footprint 
~'i 
HSMF-C655 
Bi-color 
Very low profile 
HER 
5.0 
1.9 
Green 
9.0 
2.2 


Surface Mount Lamps (contd.) 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
@20m 
No. 


NeW HSMH-T400 
DHAS 
Low Profile 
Oval, 
17.0 mcd 
10mA 
3-81 
A1GaAs 
12 mm Tape 
Flat 
@10mA 
@1.8V I 
[D] 


Red 
7" Reel, 
Non- 
(637nm) 
2000 Devices 
diffused 


New 
HSMH-T500 
Low Profile 
12 mm Tape 
13" Reel, 


~ 
8000 Devices 


New 
HSMH-T600 
Low Profile 
8mm Tape 
7" Reel, 
2000 Devices 


NeW HSMH-T700 
Low Profile 
8mm Tape 
13" Reel, 
8000 Devices 


New 
HSMS-T400 
HER 
Low Profile 
6.0 mcd 
10mA 


(626 nm) 
12mm Tape 
@10mA 
@1.9V 
7" Reel, 
2000 Devices 


NeW HSMS-T500 
Low Profile 
12 mm Tape 
13" Reel, 
8000 Devices 


NeW HSMS-T600 
Low Profile 
8 mm Tape 
7" Reel, 
2000 Devices 


NeW HSMS-T700 
Low Profile 
8mm Tape 
13" Reel, 
8000 Devices 


Surface Mount Lamps (contd.) 


Typical 


Device 
Description 
Luminous 
Typical 


Intensity 
Forward 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@10mA 
Voltage 
No. 


tole'" 
HSMD-T400 
Orange 
Low Profile 
Oval, 
5.0 mcd 
10 mA 
3-81 
(602 nm) 
12mm Tape 
Flat 
@ 1.9 V 


[OJ 


7" Reel, 
Non- 
2000 Devices 
diffused 


tole'" 
HSMD-T500 
Low Profile 
12 mm Tape 
13' Reel, 
8000 Devices 


~ 
tole'" 
HSMD-T600 
Low Profile 
8 mm Tape 
7" Reel, 
2000 Devices 


Low Profile 
8 mm Tape 
13' Reel, 
8000 Devices 


tole'" 
HSMY-T400 
Yellow 
Low Profile 
5.0 mcd 
10mA 
(585 nm) 
12mm Tape 
@2.0V 
7' Reel, 
2000 Devices 


tole'" 
HSMY-T500 
Low Profile 
12mm Tape 
13' Reel, 
8000 Devices 


tole'" 
HSMY-T600 
Low Profile 
8mm Tape 
7" Reel, 
2000 Devices 


tole'" 
HSMY-T700 
Low Profile 
8 mm Tape 
13' Reel, 
8000 Devices 


tole'" 
HSMG-T400 
High 
Low Profile 
10.0 mcd 
10mA 
Pertor- 
12mm Tape 
@2.0V 
mance 
7' Reel, 
Green 
2000 Devices 
(572 nm) 


tole'" 
HSMG-T500 
Low Profile 
12 mm Tape 
13' Reel, 
8000 Devices 


tole'" 
HSMG-T600 
Low Profile 
8 mm Tape 
7" Reel, 
2000 Devices 


tole'" 
HSMG-T700 
Low Profile 
8 mm Tape 
13' Reel, 
8000 Devices 


3-6 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voitage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
261/2 
@20m~ 
No. 


~ 


HLMp-8150 
Red 
T-4 
Untinted 
15.0 cd 
40 
1.85 V 
3-89 
(637nm) 
Nondiffused 


HLMP-8103 
Red 
T-13/4 
3.0 cd 
70 
- 
3-44 
0 
HLMP-8102 
(644nm) 
2.0 cd 


HLMP-8100 
1.0 cd 
190 


NeW HLMP-C100 
0.75 
300 


New HLMP-C110 
0.40 
400 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 
Package Outline Drawing 
Part No. 
Coior 
Package 
Lens 
Intensity 
261/2 
Voltage 
No. 


HLMP-D101 
AIGaAs 
T-13/4 
Tinted 
70.0 mcd 
650 
1.8V 
3-49 
0 
0 
Red 
Diffused 
@20mA 
@20mA 
(637 nm) 
HLMP-D105 
Untinted 
240.0 mcd 
240 
Nondiffused 
@20mA 


HLMp·K101 
AIGaAs 
T-1 
Tinted 
45.0 mcd 
600 
a 


I 
Red 
Diffused 
@20mA 


i 
(637 nm) 
HLMP-K105 
Untinted 
65.0 mcd 
450 
0 
Nondiffused 
@20mA 
I--- 
D 


HLMP-R100 
Rectangular 
Tinted 
7.5 mcd 
1000 
3-133 
Diffused 
@20mA 


I--- 


D 


HLMP-S100 
2 mm x5mm 
7.5 mcd 
1100 
3-137 
Rectangular 
@20mA 


=cKJJ= 
HLMP-P105 
FlatTop 
Untinted 
10.0 mcd 
1250 
1.7 V 
3-141 


=D= 


Subminiature 
Nondiffused 
@10mA 
@10mA 


=eO== 


HLMP-Q101 
Subminiature 
Tinted 
45.0 mcd 
700 
1.8 V 


Diffused 
@20mA 
@20mA 


~~ 
HLMP-Q105 
Untinted 
55.0 mcd 
280 
1.7 V 


Nondiffused 
@10mA 
@10mA 


• 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@1mA 
291/2 
@1mA 
No. 


~~ 


HLMP-DI50 
AJGaAs 
T·13/4 
Tinted 
3.0mcd 
65° 
1.6 V 
3·54 
Red 
Diffused 
(637nm) 
HLMp·DI55 
Untinted 
10.0 mcd 
24° 
Nondiffused 


r 
HLMp·KI50 
T·l 
Tinted 
2.0 mcd 
60° 
a 


I 
0 
Diffused 


i 
HLMp·KI55 
Untinted 
3.0 mcd 
45° 
0 
Nondiffused 
- 
=D== 
HLMP-Q150 
Subminiature 
Tinted 
1.8 mcd 
70° 
3-141 
Diffused 


~ 
HLMP-Q155 
Untinted 
4.0 mcd 
28° 
Nondiffused 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 


HLMP-4100 
AIGaAs 
T·13/4 
Untinted 
750.0 mcd 
8° 
1.8V 
3-59 
~= 
Red 
Nondiffused 
(637nm) 
HLMP-4101 
1000.0mcd 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 


Package Outline Drawing 
I 
Part No. 
Intensity 
Voltage 
Page 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 


!'le~ HLMP-8115 
DHAS 
T-Pl4 
Untinted 
1200 mcd 
15° 
1.8 V 
3-63 
!'lei HLMP-8109 
AJGaAs 
Non· 
500 mcd 
25° 


~~ 


(637nm) 
diffused 


!'le~ HLMP-8205 
HER 
350 mcd 
15° 
1.9V 
!'le~ HLMP-8209 
(626 nm) 
260 mcd 
25° 


!'lew,HLMP-8305 
Yellow 
350 mcd 
15° 
2.1 V 
!'le~ HLMP-8309 
(585 nm) 
260 mcd 
25° 


!'leY{HLMP-8405 
Orange 
350 mcd 
15° 
1.9V 
!'lev; HLMP-8409 
(602 nm) 
260 mcd 
25° 


!'le~ HLMP-8505 
High Perf. 
350 mcd 
15° 
2.2 V 
!'lei HLMP-8509 
Green 
260 mcd 
25° 
(569nm) 


!'lei HLMP-8605 
Emerald 
75 mcd 
15° 
2.2V 
Green 
(560 nm) 


Typical 
Typical 
Device 
Description 
Luminous 
Forward 
Intensity 
Voltage 
Page 
Package OuUlne Drawing 
Part No. 
Color 
Package 
Lens 
@20mA 
291/2 
@20mA 
No. 


HLMp-3750 
High 
T-13I4 
Untinled 
125 mcd 
240 
1.9V 
3-71 
0 
Efficiency 
Non· 
~= 


Red 
diffused 
(626nm) 


HLMp-3850 
Yellow 
140 mcd 
2.1 V 
(585 nm) 


HLMP-3950 
Green 
120 mcd 
2.2V 
0 
(569 nm) 


New HLMP-D640 
Emerald 
21 mcd 
2.2V 
Green 
(558 nm) 


HLMP-3390 
High 
T-13/4 
Untinled 
55 mcd 
320 
1.9V 
~= 


Efficiency 
Low Profile 
Non- 
Red 
diffused 
(626nm) 


HLMP-3490 
Yellow 
'0 
2.1 V 
(585nm) 


HLMP-3590 
Green 
2.2 V 
(569nm) 


HLMP-1340 
High 
T-1 
Untinled 
45 mcd 
450 
1.9 V 
0 
Efficiency 
Non- 
a 


i 
Red 
diffused 
(626nm) 


HLMP-l440 
Yellow 
2.1 V 
(585 nm) 


HLMP-154O 
Green 
2.2V 
0 
(569nm) 


Nej 
HLMP-K640 
Emerald 
21 mcd 
2.2 V 
Green 
(558 nm) 


I 


Typical 
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No. 


HLMP-4700 
High 
T·13I4 
Tinted 
2.0mcd 
50° 
1.8 V 
3·76 
~= 


0 
Efficiency 
Diffused 
Red 
(626nm) 


HLMP-4719 
Yellow 
1.8 mcd 
1.9V 
(585 nm) 


HLMP-4740 
Green 
1.8 mcd 
1.8 V 
(569 nm) 


HLMP·1700 
High 
T·l 
TInted 
1.8 mcd 
50° 
1.8 V 
c=lb~ 


i 
0 
Efficiency 
Diffused 
Red 
(626 nm) 


HLMp·1719 
Yellow 
1.6 mcd 
1.9 V 
0 
(585 nm) 


HLMP·1790 
Green 
1.6 mcd 
1.8 V 
0 
(569 nm) 


I 
HLMp·7000 
High 
Subminiature 
TInted 
0.8 mcd 
90° 
1.8 V 
3-141 
Efficiency 
Diffused 


~ 
Red 
(626nm) 


~ 


HLMp·7019 
Yellow 
0.6mcd 
1.9V 
(585 nm) 


HLMP-7040 
Green 
0.6mcd 
1.8 V 


! 


I. 
(569 nm) 


Typical 
Typical 
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No. 


HLMP·3315 
High 
T·13/4 
TInted 
40mcd 
35° 
1.9V 
3-93 
Efficiency 
Non· 
~= 


Red 
diffused 
HLMp·3316 
(626 nm) 
60mcd 


HLMP-3415 
Yellow 
40mcd 
2.0 V 
(585 nm) 


HLMP-3416 
50 mcd 


HLMp·3517 
Green 
50 mcd 
24° 
2.1 V 
(569 nm) 


HLMp·3519 
70 mcd 
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No. 


HLMP-3300 
High 
T-13/4 
Tinted 
3.5 med 
60° 
1.9 V 
3-99 
0 
Efficiency 
Diffused 
~= 


Red 
HLMP-330t 
(626 nm) 
7.0 med 
0 


HLMP-3762 
12.0 med 
0 


HLMP-D400 
Orange 
3.5 mcd 
1.9V 
(602 nm) 
HLMP-D401 
7.0 mcd 


HLMP-3400 
Yellow 
4.0 mcd 
2.0 V 
(585 nm) 
HLMP-3401 
8.0 mcd 
0 


HLMP-3862 
12.0mt'~ 


HLMP-3502 
Green 
2.4med 
2.1 V 
0 
(569 nm) 


HLMP-3507 
5.2 mcd 
0 


HLMP-3962 
11.0 mcd 


Nej 
HLMP-D600 
Emerald 
3.0 med 
2.1 V 
Green 
(558 nm) 
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No. 


HLMP-3365 
High 
T-13I4 
Tinted 
tOmed 
45° 
1.9 V 
3-106 
Efficiency 
Low Profile 
Non- 


~~ 


Red 
Diffused 


HLMp-3366 
(626 nm) 
18med 


HLMP-3465 
Yellow 
12mcd 
2.0 V 
(585 nm) 


HLMP-3466 
18mcd 


HLMP-3567 
Green 
7mcd 
40° 
2.1 V 
(569 nm) 


HLMP-3568 
15 mcd 


I 
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Intensity 
291/2[1] 
Voltage 
No. 


HLMP-3200 
Red 
T-13/4 
Tinted 
2.0 mcd 
600 
1.6 V 
3·106 
(640 nm) 
Low Profile 
Diffused 
@20mA 
@20mA 


~~ 
HLMP-3201 
4.0 mcd 
@20mA 


HLMp·3350 
High 
3.5 mcd 
500 
1.9V 
Efficiency 
@10mA 
@10mA 
Red 
HLMp·3351 
(626 nm) 
7.0 mcd 
@10mA 


HLMP-3450 
Yellow 
4.0 mcd 
2.0 V 
(585 nm) 
@10mA 
@10mA 


HLMp·3451 
10.0 mcd 
@10mA 


HLMP-3553 
Green 
3.2 mcd 
2.1 V 
(569 nm) 
@10mA 
@10mA 


HLMp·3554 
10.0 mcd 
@10mA 
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291/2 
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CJ5~ 


HLMP-3000 
Red 
T-13/4 
Tinted 
2.0 mcd 
600 
1.6V 
3-114 
(648 nm) 
Diffused 
HLMP·3001 
4.0 mcd 
C]:~ 


HLMP·3002 
2.0 mcd 


HLMP-3003 
4.0 mcd 
C]:~ 


HLMP-3050 
Tinted 
2.5 mcd 
240 
Non- 
Diffused 


Device 
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Package OudJne Drawing 
Part No. 
DescrlpUon 
No. 


HLMP-<ll04 
Mounting Clip and Ring lor T·1 3/4 Lamps 
3·169 


ffi 
CJJ 


Typical 
Typical 
Device 
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luminous 
Forward 
Intensity 
Voltage 
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Package Oudlne Drawing 
Part No. 
Color 
Package 
lens 
@10mA 
291/2 
@10mA 
No. 


HLMp·1320 
High 
T·1 
Untinted 
12mcd 
45° 
1.9 V 
3·117 
Efficiency 
Nondiffused 
Red 
Gb ==:J 
HLMp·1321 
(626nm) 
TInted 
= 
Nondiffused 


HLMp·1420 
Yellow 
Untinted 
12 mcd 
2.0 V 


(585 nm) 
Nondiffused 


HLMp·1421 
Tinted 
Nondiffused 


HLMp·1520 
Green 
Untinted 
12 mcd 
2.1 V 


(569 nm) 
Nondiffused 


1\ 
HLMp·1521 
TInted 
0 
Nondiffused 
• 
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@10mA 
291/2 
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No. 


HLMp·1300 
High 
T·1 
Tinted 
5.0 med 
60° 
1.9 V 
3·123 
Ob~ 


I 
Efficiency 
Diffused 
HLMP-1301 
Red 
5.5 med 
0 
(626 nm) 
HLMp·1302 
7.0 med 
0 
HLMp·1385 
10.0 med 


HLMP·K400 
Orange 
4.0 med 
1.9V 
(602 nm) 
HLMP·K401 
5.0 med 


HLMp·K402 
6.5 mcd 


HLMP-1400 
Yellow 
5.0 med 
2.0 V 
(585 nm) 


HLMp·1401 
6.0 med 


HLMp·1402 
7.0 med 


HLMP-1485 
10.0 med 


HLMp·1503 
Green 
5.0 mcd 
2.1 V 
0 
(569 nm) 


HLMP-1523 
7.0 med 


HLMp·1585 
8.5 med 
0 
Nel HLMp·K600 
Emerald 
1.0mcd 
2.1 V 
Green 
(558 nm) 
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HLMp·1000 
Red 
T-l 
Tinted 
1.0mcd 
60° 
1.6V 
3·129 
(648 nm) 
Diffused 
a==:~ 


HLMp·l002 
2.5 med 


HLMP-l080 
Untinted 
1.5mcd 
Diffused 


HLMp·1071 
Untinted 
2.0 mcd 
45° 
1.6V 
Non- 
Diffused 


HLMp·1200 
T-1 
Untinted 
1.0med 
55° 
1.6V 
Low Profile 
Non· 
HLMp·1201 
Diffused 
2.5 mcd 
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HLMP·R100 
DH 
Rectangular 
Tinted 
7.5 mcd 
1000 
1.8 V 
3-133 


I ~= 


AIGaAs 
Diffused 
Red 
(637 nm) 


HLMP-0300 
High 
2.5mcd 
1.9 V 
Efficiency 
Red 
HLMP-0301 
(626nm) 
5.0 mcd 


HLMP-0400 
Yellow 
2.5 mcd 
2.1 V 
(585 nm) 
HLMP-0401 
5.0 mcd 


HLMP-0503 
Green 
2.5 mcd 
2.2 V 
(569 nm) 
HLMP-0504 
5.0 mcd 
• 
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HLMP-S100 
DH 
2 mm x5mm 
Tinted 
7.5 mcd 
1100 
1.8 V 
3-137 
D 


AIGaAs 
Rectangular 
Diffused 
Red 
(637 nm) 


HLMP-S200 
High 
3.5 mcd 
1.9 V 
Efficiency 
Red 
HLMP-S201 
(626nm) 
4.8 mcd 


HLMp·S400 
Orange 
3.5 mcd 
1.9V 
(602 nm) 
HLMp·S401 
4.8 mcd 


HLMP-S300 
Yellow 
2.1 mcd 
2.1 V 
(585 nm) 
HLMp·S301 
3.5 mcd 


HLMP-S500 
Green 
4.0 mcd 
2.2 V 
(569 nm) 
HLMP-S501 
5.8 mcd 


JIl ej 
HLMp·S600 
Emerald 
3.0 mcd 
2.2 V 
Green 
(558 nm) 
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Typical 
Typical 
Luminous 
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HLMp·P005 
Standard 
FlatTop 
Untinted 
2.5 mcd 
1250 
1.6V 
3·141 


=C= 


Red 
Subminiature 
Non- 
@10mA 
@10mA 
(640 nm) 
Diffused 


=0= 
HLMp·Pl05 
DH 
45.0 mcd 
1.8 V 
AIGaAs 
@20mA 
@20mA 
Red 
(637 nm) 


HLMp·P205 
High 
5.0 mcd 
1.8 V 
Efficiency 
@10mA 
@10mA 
Red 
(626 nm) 


HLMp·P405 
Orange 
4.0 mcd 
1.9V 
(602 nm) 
@10mA 
@10mA 


HLMp·P305 
Yellow 
4.0 mcd 
2.0 V 
(585 nm) 
@10mA 
@10mA 


HLMp·P505 
Green 
5.0 mcd 
2.0 V 
(569 nm) 
@10mA 
@10mA 


Nel HLMp·P605 
Emerald 
1.5mcd 
2.0 V 
Green 
@10mA 
@10mA 
(558 nm) 
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No. 


HLMP-roOO Standard 
Subminiature 
TInted 
1.2 moo 
90° 
1.6 V . 3-141 


I 
=r{)= 
Red 
Diffused 
@10mA 
@10mA 
(640 nm) 
; 
=8= 


HLMP-ro01 
3.2 moo 
1.6V 


I 
@10mA 
@10mA 
! 


I 


HLMP.Ql0l 
DH 
45.0 moo 
1.8 V 
A1GaAs 
@20mA 
@20mA 
Red 
(637nm) 
, 


i 


HLMP-6300 
High 
3.0 mcd 
1.8 V 
Efficiency 
@10mA 
@10mA 
Red 
(626 nm) 


HLMP.Q400 
Orange 
. 
3.0 moo 
1.9V 


- 


(602nm) 
@10mA 
@10mA 


HLMP~OO 
Yellow 
3.0 moo 
2.0 V 
(585 nm) 
@10mA 
@10mA 


HLMP~500 
Green 
3.0 moo 
2.0 V 
(569 nm) 
@10mA 
@10mA 


I 


Nej 
HLMP.Q600 
Emerald 
1.5 moo 
2.0 V 
Green 
@10mA 
@10mA 
(558 nm) 
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HLMP.Ql05 
DH 
Subminiature 
Untinted 
55.0 moo 
28° 
1.8 V 
3-141 
=r{)= 


AIGaAs 
Non-diffused @20mA 
@20mA 
Red 
=8= 


(637 nm) 


HLMP-6305 
High 
12.0 moo 
1.8 V 
Efficiency 
@10mA 
@10mA 
Red 
(626 nm) 


HLMP~05 
Yellow 
12.0 moo 
2.0 V 
(585 nm) 
@10mA 
@10mA 


HLMP~05 
Green 
12.0 moo 
2.0 V 
(569 nm) 
@10mA 
@10mA 


I 
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No. 


HLMP-Q150 
DH 
Subminiature 
Tinted 
1.8mcd 
90° 
1.6 V 
3-141 
=0= 
AIGaAs 
Diffused 
@1.0mA 
@1.0mA 
Red 


=~ 


HLMP-Q155 (637 nm) 
Untinted 
4.0 mcd 
28° 
, 


Nondiffused 
@ 1.0 mA 


HLMp·7000 
High 
Tinted 
0.8 mcd 
90° 
1.8V@ 
Efficiency 
Diffused 
@2.0mA 
10.0mA 
Red 
(626 nm) 


HLMP-7019 
Yellow 
0.6 mcd 
2.0V@ 
(585 nm) 
@2.0mA 
10.0mA 


HLMP-7040 
Green 
0.6 mcd 
2.0V@ 
(569 nm) 
@2.0mA 
10.0mA 
. 
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@5.0V 
291/2 
@5.0V 
No. 


HLMP-6600 
High 
Subminiature 
Tinted 
5mcd 
90° 
9.6mA 
3-141 


Efficiency 
Resistor 
Diffused 
=90= 
Red 
HLMP-6620 
(626 nm) 
2mcd 
3.5mA 


=~ 
HLMP-6700 
Yellow 
5mcd 
9.6mA 


I 
(585 nm) 


I 


HLMP-6720 


, 


2mcd 
3.5mA 


I 


HLMP-6800 
Green 
5mcd 
9.6mA 
(569 nm) 


HLMP-6820 
2mcd 
3.5mA 
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; 


HLMP-6203 
Red 
Array 
t 
3 
Tinted 
1.2 mcd 
90° 
1.6V 
3-141 
D8 


HLMP-6204 
(640 nm) 
4 
Diffused 
HLMP-6205 
5 
o 
0 
HLMP-6206 
6 
o 
0 
HLMP-6208 
8- 


HLMP-6653 
High 
3 
3.0 mcd 
1.8 V 
HLMP-6654 
Efficiency 
4 
HLMP-6655 
Red 
5 
HLMP-6656 
(626 nm) 
6 
HLMP-6658 
8 
- 


HLMP-6753 
Yellow 
3 
2.0 V 
HLMP-6754 
(585 nm) 
4 
HLMP-6755 
5 
HLMP-6756 
6 
HLMP-6758 
8 
- 
HLMP-6853 
Green 
3 
2.0 V 
HLMP-6854 
(569 nm) 
4 
HLMP-6855 
5 
HLMP-6856 
6 
HLMP-6858 
8 
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HLMP-0800 
High 
2 mm x5mm 
Untinted 
3.5 mcd 
100° 
1.9 V 
3-155 
0 


: 
Efficiency 
Rectangular 
Diffused 
@20mA 
@10mA 
Red 
(626 nm) 


Green 
4.0 mcd 
2.1 mA 
(569 nm) 
@20mA 
@10mA 


~ 


HLMP-4000 
High 
T-13/4 
Untinted 
5.0 mcd 
65° 
1.9 V 
Efficiency 
Diffused 
@10mA 
@10mA 
Red 
(626 nm) 


. 
Green 
2.0 mcd 
2.1 mA 
(569 nm) 
@10mA 
@10mA 


I 
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No. 


HLMP-3105 
Red 
T-1314 
TII1Ied 
3.0 med 
60° 
13mA 
3-159 


~~ 


(648nm) 
Diffused 
@5V 
@5V 


HLMP-3112 
3.0 med 
13mA 
@12V 
@12V 


HLMP-3600 
High 
8.0 med 
10mA 
EffICiency 
@5V 
@5V 
Red 
HLMP-3601 
(626nm) 
8.0 med 
13mA 
@12V 
@12V 


HLMP-3650 
Yellow 
8.0 med 
10mA 
(585 nm) 
@5V 
@5V 


HLMP-3651 
8.0 med 
13mA 
@12V 
@12V 


HLMP-3680 
Green 
8.0 med 
12mA 
(569 nm) 
@5V 
@5V 


HLMP-3681 
8.0 med 
13mA 
@12V 
@12V 


HLMP-1100 
Red 
T-1 
Tinted 
2.5 med 
60° 
13mA 
3-159 
Cb~ 


I 
(648 nm) 
Diffused 
@5V 
@5V 


HLMP-ll20 
Untinted 
Diffused 


HLMP:l600 
High 
Tinted 
8.0med 
10mA 
Efficiency 
Diffused 
@5V 
@5V 
Red 
HLMP-1601 
(626nm) 
8.0 med 
13mA 
@12V 
@12V 


HLMP-l620 
Yellow 
8.0 med 
10mA 
(585 nm) 
@5V 
@5V 


HLMP-1621 
8.0 med 
13mA 
@12V 
@12V 


HLMP-l640 
Green 
8.0 med 
12mA 
(569 nm) 
@5V 
@5V 


HLMP-1641 
8.0med 
13mA 
@12V 
@12V 
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HEMT-6000 
700 nm High Intensity 
• Visible (Near IR) emission facilitates 
* 
alignment. 


Subminiature Emitter 
• Compatible with most silicon phototransistors 
and photodiodes. 


, 


* 
0 
HEMT-3301 
940 nm T-l 3/4 
• Efficiency at Low Currents 
High Radiant Emitter 
• Radiated spectrum matches response of 


silicon photodetectors 


• Non-saturated, high radiant flux output 
a 


I 
HEMT-l00l 
940 nm T-l High 
Radiant Emiller 
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102 
T-1 Rt. Angle, 2 Element Array 
• 
3-175 


I~0 0 ~I 


103 
T-1 Rt. Angle, 3 Element Array 


(,.] 
(1/1 
104 
T-1 Rt. Angle, 4 Element Array 


~~HH~[ 
105 
T-l Rt. Angle, 5 Element Array 


106 
T-l RI. Angle, 6 Element Array 


107 
T-l RI. Angle, 7 Element Array 


108 
T-l Rt. Angle, 8 Element Array 


I 
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~ 
rr=Jl 
007 
High Profile T-13/4 wIHLMP-<ll04 Clip & Ring 
3-169 


I 


~ 


010 
T-13/4 Rt. Angle, Leads Sheared Even 
3-171 


100 
T-13/4 Rt. Angle, Leads Unsheared Uneven 


~ 


101 
T-l At. Angle, Leads Sheared Even 
3-173 


010 
T-l Rt. Angle, Leads Unsheared Uneven 


~ 
010 
Subminiature At. Angle 
3-177 
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~ 
001 
T-13/4, 5 mm (0.197 in) Fonned Leads, 1300 Lamps per Reel 
3-164 


~ 
T-l,5 
mm (0.197 in) Fonned Leads, 1800 Lamps per Reel 
a 
002 
T-13/4, 5 mm (0.197 in) Fonned Leads, 1300 Lamps per Reel 


0 
T-l,5 
mm (0.197 in) Fanned Leads, 1800 Lamps per Reel 
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B 


011 
Tape and Reel, 1500 Lamps per Reel 
3-179 


012 
Gull Wing, Bulk Packaging 
~6I 
013 
Gull Wing Alray, Shipping Tube 


~ 


021 
Yoke Lead, Tape and Reel, 1500 Lamps per Reel 


022 
Yoke Lead, Bulk Packaging 


031 
Z-Bend, Tape and Reel, 1500 Lamps per Reel 


~ 
032 
Z-Bend, Bulk Packaging 
, 


H 


lL1 
2.54 mm (0.100 in) Rt. Angle Bend, Long Leads 


H 


lSl 
2.54 mm (0.100 in) Rt. Angle Bend, Short Leads 


A 


2L1 
5.08 mm (0.200 in) Rt. Angle Bend, Long Leads 


A 


2S1 
5.08 mm (0.200 in) Rt Angle Bend, Short Leads 
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502 
This option provides the selection of lamps from two adjacent 
3-188 
luminous intensity categories 


S20 
Devices selected to two color bin categories 


S22 
Devices selected to two IV categories and two Color bin categoreis 


• 


High Power AlInGaP Amber 
and Reddish-Orange 
Lamps 


Features 
• Outstanding 
LED Material 
Efficiency 
• High Light Output 
Over a 
Wide Range 
of Currents 
• Low Electrical 
Power 
Dissipation 
• CMOSIMOS Compatible 
• Colors: 592 nm Amber, 
615 nm and 622 nm 
Reddish-Orange 
• Variety 
of Packages 
Available 


Applications 
• Outdoor 
Message 
Boards 
• Safety Lighting 
Equipment 
• Signaling 
Applications 
• Emitter 
for Emitter/ 
Detector 
Applications 
• Changeable 
Message 
Signs 
• Portable 
Equipment 
• Medical 
Equipment 
• Automotive 
Lighting 
• Alternative 
to Incandes- 
cent Lamps 


Description 
These untinted, non-diffused, 
solid state lamps utilize the 
newly developed aluminum 
indium gallium phosphide 
(AlInGaP) LED technology. This 
material has a very high 
luminous efficiency, capable of 
producing high light output over 
a wide range of drive currents. 


The 592 nm amber and 615 nm 
reddish-orange colors are 
available in both wide (30°) and 
narrow (70) viewing angle T-13/4 
(5 mm) lamps, as well as T-l 
(3 mm) and subminiature 
packages. In addition, a 622 nm 
reddish-orange color, 30°, T-I3/4 
lamp is also available. 


HLMA-CHOO/-CLOO 
HLMA·DGOO/-DHOO/· 
DLOO 
HLMA·KHOO/-KLOO 
HLMA·QHOO/-QLOO 


0.89~ 
t 
0.64 (0.025) 
~ll.32~ 
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8.90 <!Uill 
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2.35 
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CATHODE 


0.60~ 
0.40 (0.016) 


SQUARE 
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6.00~ 
5.60 (0.220) 


--lL 
0.64 
SQUARE 


(0.025) 
NOMIMAl 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 
2. THE LEADS 
ARE MILD STEEl, 
SOLDER 
DIPPED. 


3. AN EPOXY MENISCUS 
MAY EXTEND ABOUT 
1 MM (0.040") 
DOWN THE LEADS, 
UNLESS 
OTHERWISE 
NOTED. 


0.76 (0.030) REF.r 


'0'67~:1 
11.68 (0.460) 


TYP. BOTH LEADS 
0.46 lQ:Q!!) 
0.56 (0.022) 
--.1-, 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MllUMETRES 
(INCHES). 


2. PROTRUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
LEAD. 
3. FOR RIGHT ANGLE 
MOUNTING 
TO A PC BOARD, MOUNT 
CATHODE 
DOWN. 
DO NOT MOUNT ANODE DOWN. 
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Viewing 
Reddish- 
Reddish- 
Angle 
Amber 
Orange 
Orange 
Package 
Package 
Description 
29112 
Au = 592 nm 
Ad = 615 nm 
Ad = 622 nm 
Outline 


T-13/4 (5 mm), Untinted, 
7° 
HLMA-CLOO 
HLMA-CHOO 
- 
A 
Non-diffused 


T-13/4 (5 mm), Untinted, 
30° 
HLMA-DLOO 
HLMA-DHOO 
HLMA-DGOO 
B 
Non-diffused 


T-1 (3 mm), Untinted, 
45° 
HLMA-KLOO 
HLMA-KHOO 
- 
C 
Non-diffused 


Subminiature, 
Untinted, 
28° 
HLMA-QLOO 
HLMA-QHOO 
- 
D 
Non-diffused 


HLMA- 
HLMA- 
HLMA- 
HLMA- 
Parameters 
CXOO 
DXOO 
KXOO 
QXOO 
Units 


DC Forward 
Current[l) 
50 
50 
50 
30 
mA 


Peak Forward 
Current[2) 
200 
200 
200 
200 
mA 


Average Forward 
Current 
45 
45 
45 
45 
mA 
(at IpEAK = 200 mA, f~ 1 KHz)(2) 


Transient 
Forward 
Current[3) 
500 
500 
500 
500 
mA 
00 Jls Pulse) 


Reverse Voltage (IR = 100 J.LA) 
5 
5 
5 
5 
V 


LED Junction 
Temperature 
110 
110 
110 
110 
°C 


Operating 
Temperature 
Range 
-40 to +100 
-40 to +100 
-40 to +100 
-40 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 
-55 to +100 
-55 to +100 
-55 to +100 
°C 


Soldering 
Temperature 
260°C for 
260°C for 
260°C for 
260°C for 


[1.59 mm (0.06 in.) below 
5 seconds 
5 seconds 
5 seconds 
3 seconds 


seating 
plane] 


Notes: 
1. Derate 
linearly 
as shown 
in Figure 
4. 


2. Refer 
to Figure 
5 to establish 
pulsed 
operating 
condition. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
damaging 
the LED 
die and wire bonds. 


Reverse 
Thermal 
Speed 
of 
Forward 
Breakdown 
Capacitance 
Resistance 
Response 
Voltage 
Voltage 
C (pF) 
R9J_PIN 
t. (ns) 
Part 
VF (volts) 
VR (volts) 
VF=O, 
(OC/W) 
Time Constant 
Number 
@IF=20mA 
@IR=100J.1A 
f=1 
MHz 
Junction 
to 
e-tk• 
HLMA- 
Typ. 
Max. 
Min. 
Typ. 
Typ. 
Cathode 
Lead 
Typ. 


CXOO 
1.9 
2.4 
5 
25 
60 
210 
13 


DXOO 
1.9 
2.4 
5 
25 
60 
260 
13 


KXOO 
1.9 
2.4 
5 
25 
60 
290 
13 


QXOO 
1.9 
2.4 
5 
25 
60 
170 
13 


Luminous 
Luminous 
Intensity 
Peak 
Dominant 
Viewing 
Angle 
Efficacy 
Part 
Iv (mcd) 
Wavelength 
Wavelength 
28Id2l 
l1vl3l 
Number 
@IF=20mA 
", (nm) 
Adll](nm) 
(Degrees) 
(lm/w) 
HLMA- 
Min. 
Typ. 
Typ. 
Typ. 
Typ. 
Typ. 


CHOQl4l 
1000 
3000 
621 
615 
7 
263 


CLOO[41 
1000 
3000 
594 
592 
7 
480 


DGOO[SI 
300 
600 
630 
622 
30 
197 


DHOO[SI 
300 
800 
621 
615 
30 
263 


DLOO[SJ 
300 
1000 
594 
592 
30 
480 


KHOO[SJ 
35 
200 
621 
615 
45 
263 


KLOQlsJ 
35 
200 
594 
592 
45 
480 


QHOQlSJ 
135 
500 
621 
615 
28 
263 


QLOO[SJ 
135 
500 
594 
592 
28 
480 


Notes: 
1. The dominant 
wavelength, 
Ad, is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the perceived 
color of the device. 


2. 9112 is the off-axis angle where the luminous 
intensity 
is V2 the intensity. 
3. The radiant 
intensity. 4 in watts 
per steradian, 
may be found from the equation 4 = V'Iv. 
where Iv is the luminous 
intensity 
and 'Iv is the luminous 
efficacy in lumens/watt. 


4. The luminous 
intensity. 
Iv. is measured 
at the peak of the spatial 
radiation 
pattern 
which may not be aligned 
with the 


mechanical 
axis of the lamp package. 


5. The luminous 
intensity, 
lv, is measured 
on the mechanical 
axis of the lamp package. 
The actual 
peak of the spatial 
radiation 
pattern 
may not be aligned 
with this axis. 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
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Figure 4. Maximum Forward 
Current vs. Ambient Temperature. 
Derating 
Based on TJ Max a llODC. 
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Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage. 
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rh~ HEWLETT 
~/'.JIlPACKARD 
-~-- 
High Power T-4 (13.3 mm) 
AllnGaP Amber Lamp 


Features 
• 15.0 Candelas 
at 20 mA 
• Outstanding 
LED Material 
Efficiency 
• High Light Output Over a 
Wide Range of Currents 
• 3° Viewing Angle 
• Low Electrical 
Power 
Dissipation 
• CMOSIMOS Compatible 
• Color: 592 nm Amber 


Applications 
• Power Signaling 
• Emitter 
for Emitter/ 
Detector 
Applications 
• Bright Ambient Lighting 
Conditions 
• Replacement 
for Laser 
Diodes and Low Power 
Lasers 
• Alternative 
to Incandes- 
cent Lamps 


Description 
This untinted, 
non diffused, solid 


state lamp utilizes the newly 
developed aluminum 
indium 


gallium phosphide CAllnGaP) 
LED technology. This material 
has a very high luminous 
efficiency, capable of producing 


high light output over a wide 
range of drive currents. The 
color is 592 nm amber. The 
lamp package incorporates 
an 
advanced optical design that 
produces an extremely high 
peak intensity 
within a very 


narrow viewing angle of 3 
degrees. 


19_3~ 
"F"L 


1.27 (0.050) NOM I 
--11--0~J~~~5) 


NOMIMAL 


Notes: 
1. All dimensions 
arc in rnillimctrcs 
(inches). 
2. The leads arc mild steel, solder dipped. 
3. An epoxy meniscus 
may extend about 1 mm (0.040") down the leads. 


Luminous 
Radiant 
$v 
Color 
Viewing 
Intensity 
Intensity 
Total 
Dominant, 
Angle 
Iv (cd) 
I., (mW/sr) 
Flux (mlm) 
Wavelength 
28trJ 
@20mAl1l 
@20mA 
@20mA[2l 
Adnm(3l 
Degrees[4l 
Min. 
Typ. 
Typ. 
Typ. 
Typ. 
Typ. 


Amber 
6.5 
15.0 
31.2 
300 
592 
3 • 


Notes: 
1. The luminous 
intensity, 
1." is measured 
at the peak of the spatial 
radiation 
pattern 
which may not be aligned 
with the 
geometric 
axis of the lamp package. 
2. <Pvis the total luminous 
nux output 
as measured 
with an integrating 
sphere. 


3. The dominant 
wavelength, 
"d' is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the cnlorofthe 
device. 


4. 9112 is the off-axis angle where the luminous 
intensity 
is 1/2 the peak intensity. 


Absolute Maximum Ratings 
Parameters 
DC Forward Current[lJ 
. 


Peak Forward CurrentJ21 
. 


Average Forward Current 
. 
(at IpEAK = 200 mA, f~ 1 KHz)[21 
Transient 
Forward Current[3l 
. 


(10 JlS Pulse) 
Reverse Voltage (IR = 100 J.1A) 
. 


LED Junction Temperature 
. 


Operating Temperature 
Range 
. 
Storage Temperature 
Range 
. 


Soldering Temperature 
. 
[1.59 mm (0.06 in.) below seating plane] 


Notes: 
1. Derate 
linearly 
as shown in Figure 
4. 
2. Refer to Figure 
5 to establish 
pulsed operating 
conditions. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device 
can withstand 
without 
damaging 
the LED die and wire bonds. 


Units 
50 
mA 
200 
mA 
45 
mA 


500 
mA 


5 
V 
110 
°C 
-40 to +100 
°C 
-55 to +100 
°C 
260°C for 
3 seconds 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Forward Voltage 
VF 
1.9 
2.4 
V 
IF = 20 mA 


Reverse Voltage 
VR 
5 
25 
V 
IR = 100 J.1A 
-, 


Peak Wavelength 
APEAK 
595 
nm 


Spectral Line Halfwidth 
L'.A1I2 
15 
nm 


Speed of Response 
'to 
13 
ns 
Exponential Time Constant, e·tk• 


Capacitance 
C 
60 
pF 
VF = 0, f = 1 MHz 


Thermal Resistance 
RSJ_P1N 
210 
°CIW 
Junction-to-Cathode 
Lead 


Luminous Efficacy[ll 
1\v 
480 
lmIW 
.. 


Note: 
1. The radiant 
intensity 
I". in watts 
per steradian, 
may be found from the equation 
I" = I/'lv' 
where Iv is the luminous 
intensity 
in 
candelas 
and 'lv is luminous 
efficacy in lumens/watt. 
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Figure 1.Relative Intensity 
VB. 
Wavelength. 


Figure 2.Forward Current 
VB. 


Forward Voltage. 


2.5 
~ 
~C 
2.0 


!Z E 
-lil 
~~ 1.5 
iC 
i~ 
::>::1 
1.0 
-'i 
w<r~i~- 0.5 
<r 


Figure 3.Relative Luminous 
Intensity 
VB. Forward Current. 
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Figure 4.Maximum Forward 
Current 
VB. Ambient Temperature. 


Derating Based on T. Max _ no°c. 


Figure 6.Normalized Luminous 
Intensity 
VB. Angular Displacement. 
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Figure 6.Normalized Luminous 
Intensity 
VB. Angular Displacement. 


Blue T-13/4 LED Lamps 


Features 
• Silicon Carbide 
Technology 
• 481 nm Blue Color 
• Viewing Angles: Narrow 
and Wide 
• CMOSIMOS Compatible 


9.19~ 
T~.· 


~oo.l 
(0.050) 
--JL0.45 (0.018) 


SQUARE 
NOMIMAL 


~ 
O.89(QJ@ 
f 
0.64 (0.025) 


Applications 
• Moving Message Signs 
• Automotive 
Interior 
Lighting 
• Front Panel Status 
Indicator 
• Medical Instrumentation 


O.89~ 
f 
0.64 (0.025) 


ILo.46 (0.018) 
----1 
SQUARE 


NOMIMAL 


NOTES: 
,. ALL DIMENSIONS 
ARE IN MllLiMETRES 
(INCHES). 


2. THE LEADS ARE MILO STEEL, SOLDER DIPPED. 


3. AN EPOXY 
MENISCUS 
MAY EXTEND 
ABOUT 
1 mm (0.040") 
DOWN 
THE lEADS. 


HLMP·DBOO 
• 
_H_LM_P_"_D_B_l_5______ 
~". 


Description 
These untinted 
diffused and 
non diffused T-I3J4LED blue 
lamps utilize single crystal 
silicon carbide technology. The 
color is an 80% saturated 
blue 
with a dominant wavelength of 
481 nanometers. 
The HLMP- 
DBOois a 38 degree cone angle 
diffused lamp for use in moving 
message panel signs or as a 
front panel indicator. The 
HLMP-DBI5 is a nondiffused 
lamp with a 15 degree cone 
angle that may be used for 
backlighting legends or as a 
blue wavelength emitter. 


Absolute Maximum Ratings at TA = 25°C 
DC Forward Current[ll 
50 mA 
Peak Forward Current[21 
100 mA 
Average Forward Current 
(@ IpEAK = 100 mA, f = 1 KHz)[21 
.40 mA 
LED Junction Temperature 
110°C 
Transient 
Forward Current (10 liS Pulse)[31 
500 mA 
Reverse Voltage (IR = 100~) 
5 V 
Operating Temperature 
Range 
-55 to 85°C 
Storage Temperature 
Range 
-55 to 100°C 
Lead Soldering Temperature 
(1.59 mm [0.063 in.] from body) 
260°C for 5 seconds 


Notes: 
1. Derate 
linearly 
88 shown 
in Figure 
5. 


2. Refer to Figure 
6 to establish 
pulsed 
operating 
ronditions. 
3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
damaging 
the LED 
die and wire bonds. 
Operating 
the device at peak currents 
above the absolute 
Maximum 
Peak 
Forward 
Current 
is not 
recommended. 


Luminous 
Radiant 
Color, 
Viewing 
Intensity 
Intensity 
Total Flux 
Dominant 
Peak 
Angle 
Part 
Iv (Mcd) 
I" (JlW/sr) 
$v (mlm) 
Wavelength 
Wavelength 
29t."J 
Number 
@IF20mAUI 
@20mA 
@20mA[2l 
,,-iSI (nm) 
"-PEAK 
(nm) 
Degrees[41 
HLMP- 
Min. 
Typ. 
Typ. 
Typ. 
Typ. 
Typ. 
Typ. 


DBOO 
1.6 
3.0 
23.1 
2.0 
481 
468 
38 


DB15 
6.0 
12.0 
93.3 
2.0 
481 
468 
15 


Notes: 
1. The luminous 
intensity, 
1,., is measured 
at the peak of the spatial 
radiation 
pattern 
which 
may not be aligned 
with the 
geometric 
axis of the lamp 
package. 
2. 'v is the total 
luminous 
nux output 
88 measured 
with an integrating 
sphere. 


3. The dominant 
wavelength, 
A.d' is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the color of the devioe. 
4. elf.! is the ofT-axis angle 
where 
the luminous 
intensity 
is 112 the peak intensity. 


Forward 
Reverse 
Speed of Response 
Capacitance 
Thermal 
Voltage 
Breakdown 
'to (ns) 
C (pF) 
Resistance 
VF (Volts) 
VR (Volts) 
Time Constant 
VF=O, 
R9J.PIN (OCIW) 
@IF20mA 
@IR= 100~ 
e·t/,. 
f= 1 MHz 
Junction 
to 
Typ. 
I 
Max. 
Min. 
I 
Typ. 
Typ. 
Typ. 
Cathode 
Lead 


3.0 
I 
3.6 
5.0 
I 
45.0 
500 
29 
260 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. dc Forward 
Current. 
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Figure 
6. Time Average Current 
va. 


Peak Forward 
Current 
as a 
Function 
of Pulsed 
Refresh 
Rate, 
f (Hz). 
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Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 


IT 


I 
II 


I 
fl 


II 


VF - FORWARD 
VOLTAGE 
- Y 


Figure 
2. Forward 
Current 
va. 


Forward 
Voltage. 
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Figure 
5. Maximum dc Current 
va. 
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Derating 
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Surface Mount Chip LEDs 


Features 
• Small Size 
• Industry 
Standard 
Footprint 
• Low Profile 
• Tinted, 
Diffused 
Optics 
• Compatible 
with IR Solder 
Process 


• Five Colors 
and Bicolor 
Available 
• Available 
in 8 mm Tape on 
7" (178 mm) Diameter 
Reels 


Applications 
• Push-Button 
Backlighting 
• LCD Backlighting 
• Symbol Backlighting 
• Front 
Panel 
Indicator 


Description 
These single and bicolor LEDs 
are designed in an industry 
standard package for ease of 
handling and use. Five different 
LED colors are available in two 
compact, low profile, single color 
packages. The 3.2 x 1.6 mm is 
an excellent all around package, 
and the small 2.0 x 1.25 mm 
package is designed for applica- 
tions where space is limited. 
The single color LEDs have 


HSMX-C650 
Series 
• 
HSMX-C670 
Series 
_H_S_M_F_-C_6_5_5 
, : .. 


tinted diffused optics. The 
bicolor package is untinted, 
diffused. 


The small size, low 1.1 mm 
profile and wide viewing angle 
make these LEDs excellent for 
backlighting applications and 
front panel illumination. 
They 


are compatible with IR reflow 
soldering processes. 


DH 
High 
Bicolor 
Footprint 
A1GaAs 
Efficiency 
(Red- 
(mm) 
Red 
Red 
Orange 
Yellow 
Green 
Green) 


3.20 x 1.60 
HSMH-C650 
HSMS-C650 
HSMD-C650 
HSMY-C650 
HSMG-C650 


2.00 x 1.25 
HSMH-C670 
HSMS-C670 
HSMD-C670 
HSMY-C670 
HSMG-C670 


3.20 x 2.70 
HSMF-C655 


[[]f 


CATHODE~ 


POLARITY 


~ 


3.20U--;J 
(0.126) 
1.10 
2.00 
(0.043) 
(0.079) 


[J 
Yd) 


f 
f 
1 


1.60 r-- 


(0.063)I 
B 


_I 
L 
0.50 
[C]f.~' 


~C:: 
ll..-.lJ 
POLARITY 


~ 


2.00b-J 
(0.079) 


1.10 
1.40 
(0.043) 


(0.055) 
B 0.50(0.020) 
. 
-rt 


-If-- 
[[] 


1 


'·25r-- 


(0.049)I 
B 


GREENn~'"~'"·· 


RED 


~REO 


POLARITY 


~3.20_ht 
(0.126) 
1.10 


~ 
(0.043) 


I 
(0.079) 
I 


J 
L 
I 
I0.50(0.020) 
t 
t 


r-- 
2.70 1 
I 
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III 
III 


NOTES: 
1. 
DIMENSIONS 
ARE 
IN MilLIMETERS 
(INCHES). 


2. 
TOLERANCE, 
UNLESS 
OTHERWISE 
SPECIFIED, 
± 0.1 mm (± 0.004 
INCH). 


HSMX·C650 
Parameter 
HSMF·C655 
HSMX·C670 
Units 


DC Forward 
Current!ll 
25 
20 
mA 


Power Dissipation 
65 
. 
. 
50 
mW 


Reverse Voltage 
(lR = 100 J,JA) 
5' 
5 
i 
V 


LED Junction 
Temperature 
95 
95 
°C 


Operating 
Temperature 
Range 
-25 to +80 
-25 to +80 
°C 


Storage Temperature 
Range 
-30 to +85 
-30 to +85 
°C 


Soldering 
Temperature 
See IR soldering profile, Figure 6 


Notes: 
1. Derale 
linearly 
as shown in Figure 
4 for lemperatures 
above 25°C. 


Luminous 
Color, 
Viewing 
Intensity 
Peak 
Dominant 
Angle 
Iv (mcd) 
Wavelength 
Wavelength 
20112 
Part 
@ IF 20mA[l) 
J".,ak (nm) 
'J...i2l (nm) 
DegreeslSI 
Number 
Color 
Min. 
Typ. 
Typ. 
Typ. 
Typ. 


HSMH-C650 
DH AlGaAs Red 
6.3 
16.0 
650 
639 
155 
HSMH-C670 


HSMS-C650 
High Efficiency 
1.6 
5.0 
639 
626 
155 
HSMS-C670 
Red 


HSMD-C650 
Orange 
1.6 
4.0 
606 
604 
155 
HSMD-C670 


HSMY-C650 
Yellow 
1.6 
5.0 
584 
586 
155 
HSMY-C670 


HSMG-C650 
Green 
4.0 
9.0 
566 
571 
155 
HSMG-C670 


HSMF-C655 
High Efficiency 
1.6 
5.0 
639 
626 
155 
Red 


Green 
4.0 
9.0 
566 
571 
155 


Notes: 
1. The luminous 
intensity, 
Iv, is measured 
at the peak of the spatial 
radiation 
patlern 
which may not be aligned 
with the 
mechanical 
axis of the lamp package. 


2. The dominant 
wavelength, 
Ad, is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the perceived 
color of the device. 


3. em is the off·axis angle where the luminous 
inlensity 
is l/2 the peak inlensity. 
4. Chip LEDs are supplied 
in 8 mm embossed 
tape on 178 mm (7 in.) diameler 
reels, with 3000 devices per reel. Minimum 
order 
quantity 
and order incremenets 
are in quantity 
of reels only. 
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Forward 
Reverse 
Capacitance 
Voltage 
Breakdown 
C (pF) 
VF (Volts) 
Va (Volts) 
VF-O, 
Thermal 
Part 
@ IF:o:20mA 
@ Ia - lOOJ.1A 
f= 1 MHz 
Resistance 
Number 
Color 
Typ. 
Max. 
Min. 
Typ. 
R9JoPIN(OCIW) 


HSMH-C650 
DHAlGaAs 
1.8 
2.2 
5 
46 
460 
HSMH-C670 
Red 
300 


HSMS-C650 
High Efficiency 
1.9 
2.6 
5 
4.0 
400 
HSMS-C670 
Red 
250 


HSMD-C650 
Orange 
2.1 
2.{3 
5 
4.0 
400 
HSMD-C670 
250 


HSMY-C650 
Yellow 
2.1 
2.6 
5 
3.0 
400 
HSMY-C670 
250 


HSMG-C650 
Green 
2.2 
3.0 
5 
8.0 
400 
HSMG-C670 
250 


HSMF-C655 
High Efficiency 
1.9 
2.6 
5 
3.7 
325 
Red 


Green 
2.2 
3.0 
5 
6.3 
325 
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Figure 3.Relative Luminous Intensity 
VB. DCForward 
Current. 
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Figure 4.Maximum DCCurrent 
VB. Ambient 
Temperature. 
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10 SEC. MAX'--"l r- 


23Q<'CMAX.~ 


NOTE: 
All 
DIMENSIONS IN 
MilLIMETERS 
(INCHES). 


atB150:(0059) 


I 
1.75 
2.0 
1.75 I 
~) 
0.079 
0.069) 


HSMX·C650SERIESo 1':0 
(0.039) 
oJio (0.039) 


1.75 I 
0.4 


0.069 
(0.016) 


--B+B± 
1.1 (0043) 


11.251 
11.25 1 


~~, 


1.1 
(0.043) 


HSMX·C670SERIES 


r 
" 
178.0 
(7.01) 


DIM. A 
(SEE 
TABLE 
1) 


DIM. A 
DIM. B 
PART NUMBER 
+ 0.10 (0.004) 
+ 0.10 (0.004) 


HSMX·C650 
SERIES 
3.75 (0.148) 
2.10 (0.OB3) 
HSMX·C670 
SERIES 
2.40 (0.094) 
1.60 (0.064) 
HSMF·C655 
3.70 (0.146) 
3.15 (0.124) 


THERE SHALL BE A MINIMUM 
OF 40 mm (1.57 INCH) OF 
EMPTY COMPONENT 
POCKETS SEALED WITH 
COVER TAPE. 


THERE SHALL 
BE A MINIMUM 
OF 40 mm (1.57 INCH) OF 
EMPTY COMPONENT 
POCKETS SEALED WITH 
COVER TAPE. 


Convective IR Reflow 
Soldering 
For information 
on IR retlow 
soldering, refer to Application 
Note 1060, Surface Mounting 
SMI LED Indicator 
Components. 


130±0 
10'1~:: 
(0051 
± 0 004) 


020 ±005 
I 
000B±0002) 


I 
I 


B.OO± 0.30 
(0.315 ± 0.012) 
t 


150mm·360mm 
I 


(5.9·14.2INCHj 
MAY CONSIST OF 
CARRIER AND/OR 
COVER TAPE. 


Fli;' HEWLETT 
~e...PACKARD 


High Power T-13/4 (5 mm) 
TS AlGaAs Red Lamps 


Features 
• Exceptional 
Brightness 
• Outstanding 
LED Material 
Efficiency 
• High Light Output 
Over a 
Wide Range of Drive 
Currents 
• Viewing Angle: Narrow 
or 
Wide 
• Low Forward 
Voltage 
• Low Power Dissipation 
• CMOSIMOS Compatible 
• Red Color 


0.76±0.13. 
l'(0.030 
1:0.005) 
~l 
1017±0.15 


(0.046 ± 0.006) 
'"1 
(0.050) 
NOM. 


HLMP-810X Series 
.".".w HLMP-CIOO 
~HLMP-Cll0 


Descriptipn 
These untinted, 
nondiffused 
solid state lamps utilize a highly 
optimized LED material, 
trans- 
parent substrate 
aluminum gal- 
lium arsenide, TS AlGaAs. This 
material has outstanding 
light 
output efficiency over a wide 
range of currents, 
and has 
superior high current capability 
compared to most other LED 
materials. 
The LED color is red 


at a dominant wavelength of 
644 nm. 


0.76 ± 0.13 
T 
(0.030 
± 0.005) 


~L 
1.17±0.15 


(0.046 
± 0.006) 


--lL ~ 
SQUARE 


(0.025) NOMINAL 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS/INCHES. 


2. THE LEADS ARE MILD STEEl, 
SOLDER 
DIPPED. 


3. AN EPOXY MENISCUS 
MAY EXTEND ABOUT 
1 mm (0.040") 
DOWN THE LEADS, 
UNLESS 
OTHERWISE 
NOTED. 


3-44 


(o~~53) MAX. 
II(O~:208)MAX. 


/' 
CATHODE 


0.50 ± 0.10 


(0.020 t 0.004) 


SQUARE 


Part 
Minimum 
Typical 
Maximum 
Typical 
Radiant 
Number 
Intensity 
Intensity 
Intensity 
Intensity 
2811.1(11 


HLMP· 
(cd)@20mA 
(cd) @20 mA 
(cd) @20mA 
(mW/sr) @20 mA 
Degrees 


8103 
2.0 
3.0 
5.8 
35.3 
7 


8102 
1.4 
2.0 
4.0 
23.5 
7 


8100 
0.29 
1.0 
- 
11.8 
19 


ClOO 
0.29 
0.75 
- 
8.8 
30 


CllO 
0.20 
0.40 
- 
4.7 
40 


Note: 
1. 8112 is the ofTaxis angle from optical centerline 
where the luminous 
intensity 
is 1/2 the on-axis value. 


Absolute Maximum Ratings at TA = 25°C 
Peak Forward Current[2J 
300 mA 
Average Forward Current 
(@IpEAK= 
300 mAl [1,2] 
30 mA 
DC Forward Current[3] 
50 mA 
Power Dissipation 
100 mW 
Reverse Voltage (lR=100!lA) 
5 V 
Transient 
Forward Current 
00 lls Pulse)[4] 
500 mA 
Operating Temperature 
Range 
-55 to +100°C 
Storage Temperature 
Range 
-55 to +100°C 
LED Junction 
Temperature 
llO°C 
Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] 
260°C for 5 seconds 


Notes: 
1. Maximum 
lAva at f = 1 kHz, DF = 10%. 


2. Refer to Figure 6 to establish 
pulsed operating 
conditions. 
3. Derate linearly 
as shown in Figure 5. 


4. The transient 
peak current 
is the maximum 
non·recurring 
peak current 
the device 
can withstand 
without 
damaging 
the LED die and wire bonds. It is not 
recommended 
that the device be operated 
at peak currents 
above the Absolute 
Maximum 
Peak Forward 
Current. 


• 


Description 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Forward 
Voltage 
VF 
1.85 
2.4 
V 
IF=20mA 


Reverse Voltage 
VR 
5.0 
20.0 
V 
IR= 100~ 


Peak Wavelength 
APEAK 
654 
nm 
Dominant 
Wavelength[ll 
A..J 
644 
nm 


Spectral 
Line Halfwidth 
MIJ2 
18 
nm 


Speed of Response 
'ts 
45 
ns 
Exponential 
Time 
Constant, 
e-tk• 


Capacitance 
C 
20 
pF 
VF = 0, f= 1 MHz 


Thermal 
Resistance 
HLMP-810X 
R8J_P1N 
210 
°C/W 
Junction-to-Anode 
Lead 


HLMP-ClXO 
237 


Luminous 
Efficacyl2l 
T1v 
85 
ImIW 


Notes: 
1. The dominant 
wavelength, 
"'d, is derived from the CIE chromaticity 
diagram 
and represents 
the color of the device. 


2. The radiant 
intensity, 
1", in watts per steradian, 
may be found from the equation 
Ie=Ivhjv. where Iv is the luminous 
intensity 
in 
candelas 
and 'lv is luminous 
efficacy in lumens/watt. 
3. The approximate 
total luminous 
flux output 
within a cone angle of 29 about the optical axis may be obtained 
from the following 
formula: 
'v2(9) 
= [,V(9)lIV<0))Iv; 


Where: ,V(9)IIV<0)is obtained 
from Figure 
7. 
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Figure 
5. Maximum 
Forward 
DC Current 
vs. Ambient 
Temperature. 
Derating 
Based 
on T.,MAX -UO'C. 
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Figure 
7. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
HL!'f1P-8103 and 
HLMP-8102. 
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r/;~ HEWLETT 
~eJ1 PACKARD 


Double Heterojunction 
AlGaAs High Intensity Red 
LED Lamps 


Features 
• Exceptional 
Brightness 
• Wide Viewing Angle 
• Outstanding 
Material 
Efficiency 
• Low Forward 
Voltage 
• CMOS/MOS Compatible 
• 'ITL Compatible 
• Deep Red Color 


Applications 
• Bright Ambient Lighting 
Conditions 
• Moving Message Panels 


~ 
{Q1g) 
~3[321 


0.89 (0.0351 
0.64 
(O.02S) 


25.40 (1.00) 


(MIN.)' 


1.27(°rLo50J. 
NOM. 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MllLlMETRES 
(INCHES). 
2. AN EPOXY MINISCUS MAY EXTEND ABOUT 
1 mm 
(O.040") 
DOWN THE LEADS. 


• Portable 
Equipment 
• General Use 


Description 
These solid state LED lamps 
utilize newly developed double 
heterojunction 
(DR) AlGaAs/ 
GaAs material technology. This 
LED material has outstanding 
light output efficiency over a 
wide range of drive currents. 
The color is deep red at the 
dominant wavelength of 637 
nanometres. 
These lamps may 
be DC or pulse driven to achieve 
desired light output. 


1---+ 5.08 t·200) 
.----t-~I4.57 
(.180) 


1 
.89 
'.0351 
12.44 
(.4901 
.64 
(.025) 
11.68 
(,460) 
---.l 


I 
.,1 


~ 
1.15 
(.045) 


I 
0.88 
(.035) 


23.0 (.901 
0.64 (.02S) 


MIN. 
SQUARE 


NOMINAL 


1.27 
COSO) 
NOM. 
j 


-1 
d{~~~~ 


mnl 
6.1 
C240) 
if 
5.6 (.220) 
"- 
'~ 
CATHODE 
- 
2.54 (.100) NOM 


HLMP-DIOIIDI05 
• 
HLMP·KIOIIK105 


_H_L_M_P_-_Q_l_O_l______ 
:: 
~,'tJl/ 
~,/ 


..d'T~ 


25.40 
(' .001 


MIN. 


I 


t 
1.02 (.040) 
NOM. 


--1-, 


I 
1 
2.54 (.100) 
~ 
t-- 
NOM. 
B 
CATHODE 


f.- 
0.94 {O,~J 


t 
1.24 (0,0491 
10.67 
(0.420) 
~ 


TYP. 


BOTH LEADS 


-.i.....-- 
TCJ 


-oto 
~ ~ 
~ 
1.65 
10.065, 
DIA. 


1~~~8) 
0.13 
MAX 
1.91 (O.07S) 


NOTE'2 
(0,005) 


NOTES: 
1. All 
DIMENSIONS 
ARE IN MllllMETRES 
fiNCHES) 
2. PROTRUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
lEAD. 


r 


2.92 
(0.1 15) 


2.41(00951 


~ 


2,08 (O.oa2) 
I 


2.31 (0,0911 r- 


Part 
Iv (mcd) 
@ 20 mA 
Number 
29V2l1J 
Package 
HLMP- 
Package 
Description 
Min. 
Typ. 
Degrees 
Outline 


DIOI 
T-13/4 Red Tinted Diffused 
35 
70 
65 
A 


Dl05 
T-13I4Red Untinted, 
Non-diffused 
100 
240 
24 
B 


KlOl 
T-l Red Tinted 
Diffused 
22 
45 
60 
C 


Kl05 
T-l Red Untinted 
Non-diffused 
35 
65 
45 
C 


QlOl 
Subminiature 
Red Tinted Diffused 
20 
45 
70 
D 


Note: 
1. 9112is the off axis angle from lamp 
centerline 
where 
the luminous 
intensity 
is 112the on-axis 
value. 


Absolute Maximum Ratings at TA = 25°c' 
Peak Forward 
Curren t[I,2] 
300 mA 


Average Forward 
Current[21 
20 mA 


DC Current[3] 
30 mA 


Power Dissipation 
87 mW 


Reverse Voltage 
(IR = 100 ~) 
5 V 


Transient 
Forward 
Current 
(10 ~ 
Pulse)[41 
500 mA 


LED Junction 
Temperature 
llO°C 


Operating 
Temperature 
Range 
-20 to +100°C 


Storage Temperature 
Range 
-55 to +lOO°C 


Lead Soldering 
Temperature 
[1.6 mm (0.063 in.) from body] 
260°C for 5 seconds 


Notes: 
1. Maximum 
IpEAK 
at f = 1 kHz, DF = 6.7%. 
2. Refer to Figure 
6 to establish 
pulsed 
operating 
oonditions. 


3. Derate 
linearly 
as shown 
in Figure 
5. 
4. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
damaging 
the LED 
die and wire bonds. 
It is not reoommended 
that 
the device be operated 
at peak currents 
beyond 
the Absolute 
Maximum 
Peak 


Forward 
Current. 


Symbol 
Description 
Min. 
Typ. 
Max. 
Unit 
Test 
Condition 


VF 
Forward 
Voltage 
1.8 
2.2 
V 
IF = 20 mA 


VR 
Reverse Breakdown 
Voltage 
5.0 
15.0 
V 
IR = 100 J,LA 


Ap 
Peak Wavelength 
645 
nm 
Measurement 
at Peak 


A..i 
Dominant 
Wavelength 
637 
nm 
Note 1 


Mlf2 
Spectral 
Line Halfwidth 
20 
nm 


'ts 
Speed of Response 
30 
ns 
Exponential 
Time 
Constant, 
e-t/I's 


C 
Capacitance 
30 
pF 
VF = 0, f = 1 MHz 


R9J-P1N 
Thermal 
Resistance 
260[3] 
°CIW 
Junction 
to Cathode 
Lead 
210[4] 
290[5] 
170[6] 


1]v 
Luminous 
Efficacy 
80 
ImIW 
Note 2 


Notes: 


1. The dominant 
wavelength. 
A•••is derived from the eIE chromaticity 
diagram 
and represents 
the color of the device. 


2. The radiant 
intensity. 
1.. in watts per steradian. 
may be found from the equation1. 
= 1v''1v, where Iv is the luminous 
intensity 
in candelas 
and 'Iv is luminous 
efficacy in lumens/watt. 
3. HLMP-DI01. 
4. HLMP-DI05. 
5. HLMP-KIOll-KI05. 
6. HLMP.QI01. 
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Figure 
5. Maximum 
Forward 
DC CUITent vo. Ambient 
Temperature. 
Derating 
Based on TJ MAX • no°c. 


Figure 
7. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
HLMP·DiO!. 
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. Figure 
6. Maximum 
Tolerable 
Peak CUlTent vo. Peak 


. Duration 
U1>I!AK MAX Determined 
from Temperature 


Derated 
IDe MAX). 


Figure 
11. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement 
for Subminiature 
Lamp. 


Figure 
10. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
HLMP-KI05. 
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rll~ HEWLETT 
~e..PACKARD 


Double Heterojunction 
AlGaAs Low Current Red LED 
Lamps 


Features 
• Minimum Luminous 
Inten- 


sity Specified at 1 mA 
• High Light Output at Low 
Currents' 


• Wide Viewing Angle 
• Outstanding 
Material 
Efficiency 
• Low PowerlLow Forward 
Voltage 
• CMOSIMOS Compatible 
• TTL Compatible 
• Deep Red Color 


NOTES; 
,. ALL 
DIMENSIONS 
ARE 
IN MllllMETRES 
(INCHES). 


2. AN EPOXY 
MINISCUS 
MAY 
EXTEND 
ABOUT 


1 mm 
(0.040") 
DOWN THE lEADS. 


Applications 
• Low Power Circuits 
• Battery 
Powered 
Equipment 
• Telecommunication 
Indicators 


Description 
These solid state LED lamps 
utilize newly developed double 
heterojunction 
(DR) AlGaAs/ 
GaAs material technology. This 
LED material has outstanding 
light output efficiency at very 
low drive currents. The color is 
deep red at the dominant 


I----+- 5.08 
(.200) 
r~[ 
4.57 
(.1801 


9.19 
(.362) 


.89 1.0351 
8.43 (.332) 


~~.::~:=.~~rl 


1.15 
(.045) 


0.88 
(.035) 


23.0 (.901 
0.64 (.025) 


MIN. 
SQUARE 


NOMINAL 


1.27 (.050) 
NOM.I 


-1 


ff~~~ 


ntnl 
6.1 
1.240) 
IJ 
5.6 
1.2201 
"-~ 
CATHODE 
- 
2.54 
(.1001 NOM. 


B 


3-54 


HLMP·D1501D155 
HLMP·K150/K155 
HLMP·Q150 


wavelength of 637 nanometres. 
These lamps are ideally suited 
for use in applications where 
high light output is required 
with minimum power output. 


! 


f 
1.02 (.040) 


NOM. 


~-I-, 
I 
, 
2.54(.1001 
~ 
f-- 
NOM. 
o 
~ 
CATHODE 
-- 


C 


(Continued on next page.) 


10.67 
(0.420) 


11.6810.460) 


TYP. 


BOTH lEADS 


f.- 
0.94 
(0.037) 
I 
1-:-24(0.0491 


0.1810.007) 
0.2310.009i 


lc::J 
T 


Part 
Iv (mcd) 
@ 1 mA DC 
Number 
29112(1) 
Package 
HLMP· 
Package 
Description 
Min. 
Typ. 
Degrees 
Outline 


0150 
T-13/4 Red Tinted 
Diffused 
1.2 
3 
65 
A 


0155 
T-13/4 Red Untinted, 
Non-diffused 
5 
10 
24 
B 


K150 
T-1 Red Tinted 
Diffused 
1.2 
2 
60 
C 


K155 
T-1 Red Untinted 
Non-diffused 
2 
3 
45 
C 


Q150 
Subminiature 
Red Tinted 
Diffused 
1 
1.8 
70 
D 


Note: 
1. 9112 is the off &xis angle from lamp centerline 
where the luminous 
intensity 
is 112 the on-axis value. 


Absolute Maximum Ratings at TA = 25°C 
Peak Forward 
Current[l] 
300 mA 
Average Forward 
Current 
20 mA 
DC Current[21 
30 mA 
Power Dissipation 
87 mW 
Reverse Voltage (IR = 100~) 
5 V 
Transient 
Forward 
Current 
(10 liS Pulse)[31 
500 mA 
LED Junction 
Temperature 
110°C 
Operating 
Temperature 
Range 
-20 to +100°C 
Storage Temperature 
Range 
-55 to +100°C 
Lead Soldering 
Temperature 
[1.6 mm (0.063 in.) from body] 
260°C for 5 seconds 


Notes: 
1. Maximum 
IpEAK at f = 1 kHz, DF = 6.7%. 
2. Derate 
linearly 
as shown in Figure 4. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
damaging 
the LED 
die and wire bonds. It is not recommended 
that the device be operated 
at peak current. 
beyond the Absolute Maximum 
Peak 
Forward 
Current. 


• 


Symbol 
Description 
Min. 
Typ. 
Max. 
Unit 
Test Condition 


VF 
Forward Voltage 
1.6 
1.8 
V 
IF = 1 mA 


VR 
Reverse Breakdown Voltage 
5.0 
15.0 
V 
IR = 100 J1A 


A" 
Peak Wavelength 
645 
nm 
Measurement 
at Peak 


Au 
Dominant Wavelength 
637 
nm 
Note I 


/1),,1/2 
Spectral Line Halfwidth 
20 
nm 
. 


'ts 
Speed of Response 
30 
ns 
Exponential Time 
Constant, 
e-t!l's 


C 
Capacitance 
30 
pF 
VF= 0, f = 1 MHz 


RSJ-P1N 
Thermal Resistance 
260[3] 
°CIW 
Junction to Cathode Lead 
210[4] 
290[5] 
170[6] 


TJv 
Luminous Efficacy 
80 
ImIW 
Note 2 


Notes: 
1. The dominant 
wavelength, 
Ad, is derived from the CIE chromaticity 
diagram 
and represents 
the color of the device. 


2. The radiant 
intensity,!", 
in watts per steradian, 
may be found from the equation 
I. = I,,'lv, where Iv is the luminous 
intensity 


in candelas 
and "Iv is luminous 
efficacy in lumens/watt. 


3. HLMP-D150. 
4. HLMP-DI05. 
5. HLMP-K150/-KI05. 
6. HLMP-Q150. 
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Figure 
3. Relative 
Luminou8 
Intensity 
va. DC Forward 


Current. 


Figure 
5. Relative 
Luminou8 
Intensity 
V8.Angular 
Displacement. 
HLMP·D150. 


Figure 
7. Relative 
Luminous 
Intensity 
V8.Angular 
Displacement. 
HLMP·Dl55. 
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Figure 
4. Maximum 
Forward 
DC Current 
va. Ambient 
Temperature. 
Derating 
Based 
on TJ Max .• no°c. 


Figure 
6. Relative 
Luminous 
Intensity 
V8.Angular 
Displacement. 
HLMP.K150. 


Figure 
8. Relative 
Luminou8 
Intensity 
V8.Angular 
Displacement. 
HLMP·K155. 
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Figure 9. Relative Luminous Intensity vs. Angular 
Displacement for Subminiature Lamp. 


FIJ;' HEWLETT 
~e..PACKARD 


Double Heterojunction 
AlGaAs Very High Intensity 
Red LED Lamps T-13/4 (5 mm) 


6.10~ 
0.64 (0.025) 
5.46 (0.215) 


SQUARE [J 
I 


Nr"i"" W9".'00' 
~~J-~ 
L 


843 
(0332) 
CATHODE 


L::a;; 
,:\:,"'" 
~::0, 00. 


Features 
• 1000 mcd at 20 mA 
• Very High Intensity 
at Low 
Drive 
Currents 
• Narrow 
Viewing 
Angle 
• Outstanding 
Material 
Efficiency 
• Low Forward 
Voltage 
• CMOSIMOS Compatible 
• TTL Compatible 
• Deep Red Color 


Applications 
• Bright 
Ambient 
Lighting 
Conditions. 


0.89 (0.035) 
0.64 (0.025)r- 


• EmitterlDetector 
and 
Signaling 
Applications 
• General 
Use 


Description 
These solid-state LED lamps 
utilize newly developed double 
heterojunction 
(DR) AIGaAs/ 
GaAs material technology. This 
LED material has outstanding 
light output efficiency over a 
wide range of drive currents. 
The lamp package has a tapered 
lens, designed to concentrate 
the luminous flux into a narrow 
radiation pattern to achieve a 


NOTE: 
1. ALL DIMENSIONS 
ARE IN MllLiMETRES 
(INCHES). 
2. AN EPOXY MENISCUS 
MAY EXTEND ABOUT 
1 mm (0.040") 
DOWN THE LEADS. 


_H_L_M_P_-_41_0_0_/4_1_01 
I, 


very high intensity. The LED 
color is deep red at the 
dominant wavelength of 637 
nanometres. 
These lamps may 
be DC or pulse driven to achieve 
desired light output. 


Iv (mcd) 
PIN 
Package 
@20mADC 
291/2 [l) 
HLMP· 
Description 
Min. 
Typ. 
Degrees 


4100 
T-l3/4 Red Untinted. 
500 
750 
8 
Non-diffused 
4101 
700 
1000 


Note: 
1. 9112 is the angle from optical centerline 
where the luminous 
intensity 
is ]/2 
the optical centerline 
value. 


Parameter 
Maximum 
Rating 
Units 


Peak Forward Current[I,2) 
300 
mA 


Average Forward Current[2) 
20 
l 
mA 


DC Current[31 
30 
mA 


Power Dissipation 
'c 
87 
mW 


Reverse Voltage (IR = 100 J.LA) 
5 
V 


Transient 
Forward Current 
(lOllS Pulse)[41 
500 
mA 


LED Junction 
Temperature 
110 
°C 


Operating Temperature 
Range 
. 
-20 to +100 
°C 
, 


Storage Temperature 
Range 
-55 to +100 
°C 


Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] 
260°C for 5 seconds 


Notes: 
1. Maximum 
IpEAK at f = 1 kHz, DF = 6.7%. 


2. Refer to Figure 
6 to establish 
pulsed operating 
conditions. 


3. Derate 
linearly 
as shown in Figure 
5. 


4. The transient 
peak current 
is the maximum 
non-recurring 
peak'current 
the device can withstand 
without 
damaging 
the LED 
die and wire bonds. It is not recommended 
that the device be operated 
at peak currents 
beyond the Absolute 
Maximum 
Peak 
Forward 
Current. 
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Symbol 
Description 
Min. 
Typ. 
Max. 
Unit 
Test 
Condition 


VF 
Forward 
Voltage 
1.8 
2.2 
V 
20mA 


VR 
Reverse Breakdown 
Voltage 
5.0 
15.0 
V 
IR = 100 J,JA 
", 
Peak Wavelength 
645 
nm 
Measurement 
at Peak 


A.J 
Dominant 
Wavelength 
637 
nm 
Note 1 


l!.').)12 
Spectral 
Line Halfwidth 
20 
nm 


'ts 
Speed of Response 
30 
ns 
Exponential 
Time 
Constant, 
e-tl8 


C 
Capacitance 
30 
pF 
VF = 0, f = 1 MHz 


R9J_P1N 
Thermal 
Resistance 
210 
°CIW 
Junction 
to Cathode 
Lead 


T\v 
Luminous 
Efficacy 
80 
ImIW 
Note 2 


Notes: 


1. The dominant 
wavelength, 
A.d' is derived 
from the eIE 
chromaticity 
diagram 
and represents 
the color of the device. 
2. The radiant 
intensity, 
I", in watts 
per steradian, 
may be found from the equation 
Ie = IvlTlv, where 
Iv is the luminous 
intensity 


in candelas 
and "Iv is luminous 
efficacy in lumens/watt. 


3. The approximate 
totalluminou8 
flux output 
within 
a cone angle of 29 about 
the optical 
axis, M29), 
may be obtained 
from the 
following 
formula: 


M29) 
= lM9)11y(O)]Iv; 


Where: 
M9)11y(O) is obtained 
from Figure 
7. 


..... 


1"'-- 


• 


40 


35 
« 
E 
30 
I 
•...~ 
25 
rr; 
rr; 
::> 
20 
0 
0 
rr;« 
15 
~ 
rr;~ 
10 
I 


.-" 


ROJ_A'" 
559"clW 
I\. 


- 
ROJ_A" 
574°Ctw 
r- :s: 
ROJ_A" 
689"C/W 
I-- 
"'\r,,\ 


~\ 
~ 


Figure 5. Maximum Forward DCCurrent vs. Ambient 
Temperature. Derating Based on TJ MAX~ no°c. 
Figure 6. Maximum Tolerable Peak Current vs. Peak 
Duration 
(lPIlAJ( MAXDetermined from Temperature 
Derated Ioe MAX). 


Figure 7. Relative Luminous Intensity vs. Angular 
Displacement. 


T-13/4 Super Ultra-Bright 
LED Lamps 


Features 
• Very High Intensity 
• Narrow 
and Medium 
Viewing 
Angles 
• Untinted, 
NondiffusedLens 
• Choice 
of Five Colors 
• Sturdy 
Leads 
with Seating 
Plane 
Tabs 


Description 
These untinted, nondiffused 
solid state lamps are designed 
with special internal optics to 
give a very high luminous 
intensity within a well defined 
viewing angle. The LED 
materials used within these 
devices is specifically grown to 
assure the high light output 
performance these lamps 
provide. 


HLMP·S115 HLMP·SI09 
HLMP·S205 HLMP·S209 
HLMP·S305 HLMP·S309 
HLMP·S405 HLMP·S409 
• 
HLMP·S505 HLMP·S509 
_H_L_MP_._S_60_5_______ 
: .. 


Typical 
Luminous 
Intensity 
291/2 
LED Color 
Part 
Number 
(mcd 
@ 20 mA dc) 
Viewing 
Angle 


DHASAlGaAs 
HLMP-8115 
1200 
150 


HLMP-8109 
500 
250 


High Efficiency Red 
HLMP-8205 
350 
150 


HLMP-8209 
260 
250 


Yellow 
HLMP-8305 
350 
150 


HLMP-8309 
260 
250 


Orange 
HLMP-8405 
350 
150 


HLMP-8409 
260 
250 


High Performance Green 
HLMP-8505 
350 
150 


HLMP-8509 
260 
250 


Emerald Green 
HLMP-8605 
75 
150 


H5"~ 
---_--~17\1.. 
57 (0.180) 
_ 
1 
•.,.(~ 
8.43 
(0.33') 
12.47 (a.eel) 
I 


11.70(0.461) 
L-T 


23.0 
MIN 
~~.L 


(0.050) 
\ 
ILo." (0.025) 
~ 
SQUARE 
NOMIMAl 


.10 .•• 
~ 
1 
0.64 
(0.025) 
l,.32~ 
1.02 (0.040) 


-.1 0.89 (0.035) 
1D.6i ,0.025) 


~l!E-~ 
1.02 (0.040) 


~ 


-'~ 
\ 
6.10~ 
CATHODE 
.(J--Q-, 
5.46 
(0.215) 
-~ 


2.54 
(0.100) NOM. 
~ 


-'~ 
CATHODE 
-o----q.' 
6.10 
~ 
I 
5.46 (0.215) 
-~ 


2.54 
(O.l00l 
NOM. 


NOTES: 
1. All 
DIMENSIONS ARE IN MILLIMETRE$ (INCHES). 
2. THE LEADS 
ARE MilD 
STEEL, SOLDER 
DIPPED. 
3. AN EPOXY MENISCUS 
MAY EXTEND ABOUT 
1 mm (0.040") 
DOWN THE LEADS. 


DHAS 
High 
High 
AlGaAs 
Efficiency 
Red 
Performance 
Parameter 
Red 
and Orange 
Yellow 
GreenlEmerald 
Green 
Units 


DC Forward Current[l] 
30 
30 
20 
30 
mA 


Peak Forward Current['] 
300 
90 
60 
90 
mA 


Average Forward Current!'] 
20 
25 
20 
25 
mA 


Transient 
Forward Current!'] 
(10 j.lSPulse) 
500 
500 
500 
500 
mA 


Reverse Voltage (la = 100 ~) 
5 
5 
5 
5 
V 


LED Junction 
Temperature 
110 
110 
110 
110 
·C 


Operating Temperature 
Range 
-20 to +100 
-55 to +100 
-20 to +100 
·C 


Storage Temperature 
Range 
-55 to +100 
·C 


Lead Soldering Temperature 
260·C for 5 seconds 
[1.6 mm (0.063 in.) from body] 


Notes: 
1. See Figure 5 for maximum 
current 
derating vs. ambient temperature. 
2. See Figure 6 for maximum 
peak current 
vs. pulse duration 
and allowable duty factor. 
3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without damaging the LED 
die and wire bond. Do not operate these lamps at peak currents 
above the Absolute Maximum Peak Forward 
Current. 


Electrical/Optical 
Characteristics 
TA = 25°C 


DB AS AlGaAs 
HLMP-8115/8109 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
HLMP-8115 
Iv 
500 
1200 
mcd 
Ip=20mA 
HLMP-8109 
200 
500 


Forward 
Voltage 
Vp 
1.8 
2.2 
V 
Ip = 20mA 


Reverse Breakdown 
Voltage 
Va 
5.0 
15.0 
V 
la= 
100~ 


Included 
Angle Between 
Half Intensity 
Points 
HLMP-8115 
28m 
15 
Deg. 
HLMP-8109 
25 


Total Luminous 
Flux 
<l>d 
120 
mlm 
IF = 20mA 


Peak Wavelength 
APEAK 
645 
nm 
Measured 
at Peak 
Dominant 
Wavelength[l] 
Ad 
637 
nm 


Spectral 
Line Half Width 
AAm 
20 
nm 


Speed of Response 
t. 
30 
ns 
Time Constant, 
e-tJt• 


Capacitance 
C 
30 
pF 
VF=O,f= 
1 MHz 


Thermal 
Resistance 
R8J_LEAD 
210 
°CIW 
LED Junction-to- 
Cathode 
Lead 
Luminous 
Efficacyl2J 
"1v 
80 
ImIW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
HLMP-8205 
Iv 
200 
350 
mcd 
IF=20mA 
HLMP-8209 
100 
260 


Forward 
Voltage 
VF 
1.9 
2.6 
V 
IF= 20mA 


Reverse Breakdown 
Voltage 
Va 
5.0 
30.0 
V 
la= 
100~ 
Included 
Angle Between 
Halflntensity 
Points 
HLMP-8205 
28m 
15 
Deg. 
HLMP-8209 
25 
Total Luminous 
Flux 
<l>v 
45 
mlm 
IF = 20mA 
Peak Wavelength 
APEAK 
635 
nm 
Measured 
at Peak 
Dominant 
Wavelength[l] 
~ 
626 
nm 
Spectral 
Line Half Width 
AAm 
40 
nm 


Speed of Response 
t. 
90 
ns 
Capacitance 
. 
C 
11 
pF 
VF=O,f= 
1 MHz 
Thermal 
Resistance 
R8J_LEAD 
210 
°CIW 
LED Junction-to- 
Cathode 
Lead 
Luminous 
Efficacyl2] 
"1v 
145 
ImIW 


I 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
HLMP-8305 
Iv 
200 
350 
mcd 
IF=20mA 
HLMP-8309 
100 
260 


Forward 
Voltage 
VF 
2.1 
2.6 
V 
IF = 20mA 


Reverse Breakdown 
Voltage 
Va 
5.0 
30.0 
V 
Ia = 100~ 


.Included 
Angle Between 
Half Intensity 
Points 
HLMP-8305 
28112 
15 
Deg. 


HLMP-8309 
25 


Total Luminous 
Flux 
$v 
45 
mlm 
IF = 20mA 


Peak Wavelength 
APEAK 
583 
nm 
Measured 
at Peak 


Dominant 
Wavelength!l] 
Ad 
585 
nm 


Spectral 
Line Half Width 
~A1/2 
36 
nm 


Speed of Response 
t. 
90 
ns 


Capacitance 
C 
15 
pF 
VF=O,f= 
1 MHz 


Thermal 
Resistance 
R8J_LEAD 
210 
°C/W 
LED Junction-to- 
Cathode 
Lead 


Luminous 
Efficacyl2J 
11v 
500 
ImIW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
HLMP-8405 
Iv 
200 
350 
mcd 
IF= 20mA 


HLMP-8409 
100 
260 


Forward 
Voltage 
VF 
1.9 
2.6 
V 
IF = 20mA 


Reverse Breakdown 
Voltage 
Va 
5.0 
, 30.0 
V 
Ia = 100~ 


Included 
Angle Between 
HalfIntensity 
Points 
HLMP-8405 
281/2 
15 
Deg. 


HLMP-8409 
25 


Total Luminous 
Flux 
$v 
45 
mlm 
IF = 20mA 


Peak Wavelength 
APEAK 
600 
nm 
Measured 
at Peak 
Dominant 
Wavelength[l] 
~ 
602 
nm 


Spectral 
Line Half Width 
~A1/2 
40 
nm 


Speed of Response 
t. 
280 
ns 
Capacitance 
C 
4 
pF 
VF= 0, f = 1 MHz 
Thermal 
Resistance 
R8J_LEAD 
210 
°C/W 
LED Junction-to- 
Cathode 
Lead 
Luminous 
Efficacy!2J 
11v 
380 
ImIW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity 
HLMP-8505 
Iv 
200 
350 
mcd 
IF=20mA 
HLMP-8509 
100 
260 
Forward 
Voltage 
VF 
2.2 
3.0 
V 
IF=20mA 


Reverse Breakdown 
Voltage 
VR 
5.0 
30 
V 
IR = 100 J,LA 


Included 
Angle Between 
Half Intensity 
Points 
HLMP-8505 
29m 
15 
Deg. 
HLMP-8509 
25 
Total Luminous 
Flux 
$v 
115 
mlm 
IF=20mA 
Peak Wavelength 
APEAK 
568 
nm 
Measured 
at Peak 
Dominant 
Wavelength[ll 
A.i 
570 
nm 
Spectral 
Line Half Width 
AAm 
28 
nm 
Speed of Response 
'to 
260 
ns 
Capacitance 
C 
18 
pF 
VF=O,f=IMHz 
Thermal 
Resistance 
R9J-LEAD 
210 
°CIW 
LED Junction-to- 
Cathode 
Lead 
Luminous 
Efficacyl21 
llv 
595 
ImIW 


Notes: 
1. The dominant 
wavelength, 
)..d' is derived from the CIE Chromaticity 
Diagram 
and represents 
the color of the device. 
2. The readiant 
intensity, 
I", in watts per steradian, 
may be found from the equation 
I" = I/tl., 
where :r. is the luminous 
intensity 
in candelas 
and ". is the luminous 
efficacy in lumens/watt. 


P~eter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Luminous 
Intensity 
HLMP-8605 
Iv 
67 
75 
mcd 
IF =20mA 
Forward 
Voltage 
VF 
2.2 
3.0 
V 
IF=20mA 
Reverse Breakdown 
Voltage 
VR 
5.0 
30 
V 
IR = 100 J,LA 


Included 
Angle Between 
Half Intensity 
Points 
HLMP-8605 
29m 
15 
Deg. 
Peak Wavelength 
APEAK 
558 
nm 
Measured 
at Peak 
Dominant 
Wavelength[21 
A.i 
560 
nm 
Spectral 
Line Half Width 
AAm 
24 
nm 
Speed of Response 
'to 
3100 
ns 
Capacitance 
C 
35 
pF 
VF=O,f= 
1 MHz 
Thermal 
Resistance 
R9J-LEAD 
210 
°CIW 
LED Junction-to- 
Cathode 
Lead 
Luminous 
Efficacyl31 
llv 
656 
ImIW 


Notes: 
1. Pleae refer to Application 
Note 1061 for information 
comparing 
standard 
green and emerald 
green light output 
degradation. 


2. The dominant 
wavelength, 
)..d' is derived from the CIE Chromaticity 
Diagram 
and represents 
the color of the device. 


3. The readiant 
intensity, 
I", in watts per steradian, 
may be found from the equation 
I" = I/tl., 
where:r. 
is the luminous 
intensity 
in candelas 
and ". is the luminous 
efficacy in lumens/watt. 
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~~PACKARD 


Ultra-Bright 
LED Lamps 


Features 
• Improved 
Brightness 
• Improved 
Color 
Performance 
• Available 
in Popular 
T-1 
and T-13/4 Packages 
• New Sturdy 
Leads 
• IC CompatiblelLow 
Current 
Capability 
• Reliable 
and Rugged 
• Choice 
of 3 Bright 
Colors 
High Efficiency Red 
High Brightness Yellow 
High Performance Green 


HLMP-3750, -3850, -3950 
HLMP-3390, -3490, -3590 
HLMP-1340, -1440, -1540 
~HLMP-D640 
~HLMP-K640 


Applications 
• Lighted 
Switches 
• Backlighting 
Front 
Panels 
• Light 
Pipe Sources 
• Keyboard 
Indicators 


Description 
These clear, non-diffused lamps 
out-perform conventional LED 
lamps. By utilizing new higher 
intensity material, we achieve 
superior product performance. 
HLMP-38501-34901-1440 
Series 
are Gallium Arsenide Phosphide 
on Gallium Phosphide yellow 
light emitting diodes. The 
HLMP-39501-35901-1540 
Series 
Lamps are Gallium Phosphide 
green light emitting diodes. 


The HLMP-37501-33901-1340 
Series Lamps are Gallium 
Arsenide Phosphide on 
Gallium Phosphide red light 
emitting diodes. The 


Part 
Iv (mcd) 
@ 20 mA DC 
Number 
Package 
Package 
BLMP- 
Description 
Color 
Min. 
Typ. 
291f2(l) 
Outline 
3750 
T-13/4 
HER 
80 
125 
24° 
A 
3850 
Yellow 
80 
140 
24° 
A 
3950 
Green 
80 
120 
24° 
A 
D64()C2l 
Emerald Green 
6.7 
21 
24° 
A 
3390 
T-13/4 Low Profile 
HER 
35 
55 
32° 
B 
3490 
Yellow 
35 
55 
32° 
B 
3590 
Green 
35 
55 
32° 
B 
1340 
T-1 
HER 
24 
45 
45° 
C 
1440 
Yellow 
24 
45 
45° 
C 
1540 
Green 
24 
45 
45° 
C 
K64()C21 
Emerald Green 
4.2 
21 
45° 
C 


Note: 
1. 9112 is the typical 
off-axis angle at which the luminous 
iotensity 
is half the axial luminous 
iotensity. 


2. Please 
refer to Application 
Note 1061 for ioformation 
compariog 
standard 
green and emerald 
green light output 
degradation. 
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, 


12.44 
(.490) 


11.68 
L4601 


9.19 (.362) 


.89 1.0351 
8.43 1.3321 
~('0251 
--l 
it 


1.32 (.052) 


1,02 (.0401 


0.64 (,025) 


SQUARE 
NOMINAL 
t- 


23.0 (.90) 


MIN. 


1.27 (.050' 
~ 
~ 
NOM.1-_ 
T- 


&t--:-~~ 
rrlnl 
6.1 
(.2401 
if . 5.6 (.220) 
"- '~ 
CATHODE 
- 
2.54 
(.100) NOM. 


10.90 
(.4291 


,.,,~ 


23.0 (.90) 


1.27 (.050I 


Mr 
n n 
NLLu u 


t 


[1.65 
(.0651 


1.40 
(.055) 
1.32 (.052) 
1.02 (.040) 


0.64 
(.0251 


SQUARE 
NOMINAL 


{l~~ 
!$ ~ 
6.1 (.240' 


"'f'oII 
5.6 (.2201 


CATHODE 
:-L_ 
~ 


-. 
-2.54 
(,100)NOM. 


NOTES; 
,. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 


l.AN 
EPOXY MENISCUS 
MAY EXTEND ABOUT 
1 mm (0.40") 
DOWN THE lEADS. 


f 
1.02 (.0401 


NOM. 


CATHODE 


1.271.0501 


1 


' 


NOM. 
~ i 


Parameter 
Red 
Yellow 
GreenlEmerald 
Green 
Units 


Peak Forward Current 
90 
60 
90 
mA 


Average Forward Current(lJ 
25 
20 
25 
mA 


DC Current[2] 
30 
20 
30 


c 
mA 


Transient 
Forward Current[3] 
500 
500 
500 
mA 
(10 ~s Pulse) 


Reverse Voltage eIR = 100 ~) 
5 
5 
5 
V 


LED Junction Temperature 
110 
110 
110 
°C 


Operating Temperature 
Range 
-55 to +100 
-55 to +100 
-20 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering Temperature 
260°C for 5 seconds 
[1.6 mm (0.063 in.) from body] 
I 
I 


Notes: 
1. See Figure 2 to establish 
pulsed operating 
conditions. 


2. For Red and Green series derate linearly 
from 50°C at 0.5 mAl°C. 
For Yellow series derate 
linearly 
from 50°C at 0.2 mAl°C. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the devices can withstand 
without 
damaging 
the LED 
die and wire bonds. It is not recommended 
that the device be operated 
at peak currents 
beyond the Absolute Maximum 
Peak 
Forward 
Current. 


T·IS/. 
Low 
Test 
Symbol 
Description 
T-is/. 
Dome 
T-l 
Min. 
Typ. 
Max. 
Units 
Conditions 


).PEAI{ 
Peak Wavelength 
3750 
3390 
1340 
635 
nm 
Measurement 
3850 
3490 
1440 
583 
at Peak 
3950 
3590 
1540 
565 
D640 
K640 
558 


A.i 
Dominant 
Wavelength 
3750 
3390 
1340 
626 
nm 
Note 1 
3850 
3490 
1440 
585 
3950 
3590 
1540 
569 
D640 
K640 
560 


l1).I/2 
Spectral 
Line Halfwidth 
3750 
3390 
1340 
40 
nm 
3850 
3490 
1440 
36 
3950 
3590 
1540 
28 
D640 
K640 
24 


'ts 
Speed of Response 
3750 
3390 
1340 
90 
ns 
3850 
3490 
1440 
90 
3950 
3590 
1540 
500 
D640 
K640 
3100 


C 
Capacitance 
3750 
3390 
1340 
11 
pF 
VF=O, f= 1 MHz 
3850 
3490 
1440 
15 
3950 
3590 
1540 
18 
D640 
K640 
35 


ReJ_P1N 
Thermal 
Resistance 
3750 
3390 
210 
0C!W 
Junction 
to 
3850 
3490 
210 
Cathode 
Lead 
3950 
3590 
210 
D640 
510 
1340 
290 
1440 
290 
1540 
290 
K640 
290 


VF 
Forward 
Voltage 
3750 
3390 
1340 
1.5 
1.9 
2.6 
V 
IF= 20mA 
3850 
3490 
1440 
1.5 
2.1 
2.6 
(Figure 
3) 
3950 
3590 
1540 
1.5 
2.2 
3.0 
D640 
K640 
2.2 
3.0 


VR 
Reverse 
Breakdown 
3750 
3390 
1340 
5.0 
V 
IF = 100 j!A 
Voltage 
3850 
3490 
1440 
3950 
3590 
1540 
D640 
K640 


11v 
Luminous 
Efficacy 
3750 
3390 
1340 
145 
lumens 
Note 2 
3850 
3490 
1440 
500 
watt 
3950 
3590 
1540 
595 
D640 
K640 
655 


Notes: 


1. The dominant wavelength, A.i. is derived from the eIE chromaticity diagram and represents the single wavelength which 
dermes the color of the device. 


2. The radiant intensity. 1".in watts per steradian. may be found from the equation I" = IvIrlv.where Iv is the luminous intensity 
in candelas and Tlvis the luminous efficacy in lumens/watt_ 
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Figure 
2. Maximum 
Tolerable 
Peak .Current vs. Pulse 
Duration. 
(IDe MAX as per MAX Ratings.) 
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Figure 
6. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
T·l3/. Lamp. 


Figure 
8. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
T·l Lamp. 


Figure 
7. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
T·l3/. Low Prolue 
Lamp. 
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Low Current LED Lamps 


Features 
• Low Power 
• High Efficiency 
• CMOS·MOS Compatible 
• TTL Compatible 
• Wide Viewing Angle 
• Choice of Package 
Styles 
• Choice of Colors 


Applications 
• Low Power DC Circuits 
• Telecommunications 
Indicators 


r----T H; HOO) 
I~~:T 


9.19(.362) 
8.43(.3321 


• Portable 
Equipment 
• Keyboard 
Indicators 


HLMP-4700, -4719, -4740 
HLMP-1700, -1719, -1790 
HLMP-7000, -7019, -7040 


Description 
These tinted diffused LED 
lamps were designed and 
optimized specifically for low 
DC current operation. 
Luminous intensity and forward 
voltage are tested at 2 mA to 
assure consistent brightness at 
TTL output current levels. 


~I~J 
419l16Si 
I 
t 
1.021 (40) 


NOM 


I 


24.1310.951 


MIN. 


CATHOOE-!_ 


'27I0s0lrt I 


-I - 
2.5410,1001 
NOMINAL 


10.67104201 
11.68104501 


TV' 


80TH 
LEADS 


018100071 
0.23100091 
-L= 
T 


NOTES: 
1. All 
DIMENSIONS 
ARE IN MllliMETRES 
(INCHES). 


2. AN EPOXY 
MINISCUS 
MAY 
EXTEND 
ABOUT 


1 mm (0.040") 
DOWN 
THE LEADS. 


3. PROTRUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
LEAD. 


Color 


Red 
Yellow 
Green 
Size 
HLMP- 
HLMP- 
HLMP- 


T-13/4 
4700 
4719 
4740 


T-1 
1700 
1719 
1790 


Subminiature 
7000 
7019 
7040 


Part 
Iv (mcd) 
@ 2 mA DC 
Number 
Package 
HLMP- 
Package 
Description 
Color 
Min. 
Typ. 
291a(1) 
Outline 


4700 
T-13/4 
Red 
1.2 
2.0 
50° 
A 
4719 
Tinted Diffused 
Yellow 
1.2 
1.8 
4740 
Green 
1.2 
1.8 


1700 
T-1 
Red 
1.0 
1.8 
50° 
B 
1719 
Tinted Diffused 
Yellow 
1.0 
1.6 
1790 
Green 
1.0 
1.6 


7000 
Subminiature 
Red 
0.4 
0.8 
90° 
C 
7019 
Tinted Diffused 
Yellow 
0.4 
0.6 
7040 
Green 
0.4 
0.6 


Note: 
1. 9112 is the typical ofT-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


• 


Sub· 
Test 
Symbol 
Description 
T-lS/4 
T-l 
miniature 
Min. 
Typ. 
Max. 
Units 
Conditions 


VF 
Forward Voltage 
4700 
1700 
7000 
1.8 
2.0 
V 
2mA 
4719 
1719 
7019 
1.9 
2.5 
4740 
1790 
7040 
1.8 
2.2 


VR 
Reverse Breakdown 
4700 
1700 
7000 
5.0 
V 
IR= 50 IJ.A 
Voltage 
4719 
1719 
7019 
5.0 
4740 
1790 
7040 
5.0 


A..! 
Dominant 
4700 
1700 
7000 
626 
nm 
Note 1 
Wavelength 
4719 
1719 
7019 
585 
4740 
1790 
,7040 
569 


dAm 
SpectralLine 
4700 
1700 
7000 
40 
nm 
Halfwidth 
4719 
1719 
7019 
36 
4740 
1790 
7040 
28 
" 


"ts 
Speed ofResponse 
4700 
1700 
7000 
90 
ns 
4719 
1719 
7019 
90 
4740 
1790 
7040 
500 


C 
Capacitance 
4700 
1700 
7000 
11 
pF 
VF=O, 
4719 
1719 
7019 
15 
f= 1 MHz 
4740 
1790 
7040 
18 


R8J_P1N 
Thermal 
4700 
1700 
7000 
260[3J 
°CIW 
Junctionto 
Resistance 
4719 
1719 
7019 
290[4J 
Cathode Lead 


4740 
1790 
7040 
170[5J 


APEAK 
Peak Wavelength 
4700 
1700 
7000 
635 
nm 
Measurement 
4719 
1719 
7019 
583 
at peak 
4740 
1790 
7040 
565 


TJv 
Luminous Efficacy 
4700 
1700 
7000 
145 
lumens 
Note 2 
4719 
1719 
7019 
500 
watt 
4740 
1790 
7040 
595 


Notes: 
1. The dominant 
wavelength, 
Ad, is derived from the eIE chromaticity 
diagram and represents 
the single wavelength 
which 
dermes the color of the device. 


2. The radiant 
intensity, r., in watts per steradian, 
may be found from the equation Ie = Iv/'lv, where Iv is the luminous 
intensity 


in candelas 
and 'Iv is luminous 
efficacy in lumens/watt. 


3. T-!'/ •. 
4.T-1. 
5. Subminiature. 


Parameter 
Maximum Rating 
Units 


Power Dissipation 
Red 
24 
mW 


(Derate linearly 
from 92°C at 1.0 mN°C) 
Yellow 
36 
Green 
24 


DC and Peak Forward 
Current 
7 
mA 


Transient 
Forward 
Current 
(10 liS Pulse)[lJ 
500 


>, 
mA 


Reverse Voltage (lR = 50 IJA) 
5.0 
V 


Operating 
Temperature 
Range 
RedlYellow 
-55°C to 100°C 
Green 
-20°C to 100°C 


Storage Temperature 
Range 
-55°C to +lOO°C 


Lead Soldering 
Temperature 
260°C for 5 seconds (T-l, T-l3/4) 
[l.6 mm (0.063 in.) from body] 
260°C for 5 seconds (Subminiature) 


Note: 
L The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the devices can withstand 
without 
damaging 
the LED 


die and wire bonds, It is not recommended 
that the device be operated 
at peak currents 
beyond the Absolute 
Maximum 
Peak 
Forward 
Current. 
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Figure 
4. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement 
for T-ls/. Lamp. 


Figure 
6. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement 
for Subminiatw'e 
Lamp. 


Figure 
5. Relative 
Luminous 
Intensity 
VB. Angular 
Displacement 
for T-l Lamp. 


Surface Mount Indicator 
Lamps 


Features 
• Compatible with 
Automatic Placement 
Equipment 
• Compatible with Infrared 
and Vapor Phase Reflow 
Solder Processes 
• Packaged in 12 mm or 
8 mm tape on 7"or 13" 
Diameter Reels 
• EIA Standard Package 
• Low Package Profile 
• Non-diffused 
Package 
Excellent 
for Backlighting 
and Coupling to Light 
Pipes 


Description 
These solid state surface mount 
indicators are designed with a 
flat top and sides to be easily 
handled by automatic place- 
ment equipment. A glue pad is 
provided for adhesive mounting 
processes. They are compatible 
with convective lR and vapor 
phase retlow soldering and 
conductive epoxy attachment 
processes. 


The package size and configura- 
tion conform to the EIA-535 
BAAC standard 
specification for 
case size 3528 tantalum 
capacitors. The folded leads 


HSMH-TXOO 
HSMS-TXOO 
HSMD-TXOO 
• 
HSMY-TXOO 


_H_S_M_G_-_TX_O_O 
, 
~"o 


permit dense placement 
and 
provide an external solder joint 
for ease of inspection. 


These devices are non-diffused, 
providing high intensity 
for 
applications 
such as backlight- 
ing, light pipe illumination, 
and 
front panel indication. 


DHAS 
High 
High 
AlGaAs 
Efficiency 
Performance 
Red 
Red 
Orange 
Yellow 
Green 
Description 


HSMH-T400 
HSMS-T400 
HSMD-T400 
HSMY-T400 
HSMG-T400 
12 mm Tape, 7" Reel, 
2000 Devices 


HSMH-T500 
HSMS-T500 
HSMD-T500 
HSMY-T500 
HSMG-T500 
12 mm Tape, 13" Reel, 
8000 Devices 


HSMH-T600 
HSMS-T600 
HSMD-T600 
HSMY-T600 
HSMG-T600 
8 mm Tape, 7" Reel, 
2000 Devices 


HSMH-T700 
HSMS-T700 
HSMD-T700 
HSMY-T700 
HSMG-T700 
8 mm Tape, 13" Reel, 
8000 Devices 


3.5±O.2 
--1 


(0.138 
± 0.008) 
I 
IT11"~ 


l 


(020;0) 
NOM. 
I 


- 
10';;2) 
NOM -J 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 


2. THE LEADS ARE COPPER AllOY, 
85% Sn/15% Pb PLATING. 


0.8 ± 0.3 


(0.031 ± 0.012) 


(2 PLACES) 


1.' 


(0.050) 
MIN. 
B 
j 
2.2!0.1 l 


- 
(0.087 ± 0.004) 
a 


-I 


1.9 ±0.2 
1-- 
(0.075 ± 0.008) 


0.7 
MIN. 
I 
(0.028) 
-r-l 
10~4)JfI 
-- 


NOM. 


Tape and Reel 
Specifications 
Hewlett Packard surface mount 
LEDs are packaged tape and 
reel in accordance with EIA- 
481A, Taping of Surface Mount 


Components 
for Automatic 
Placement. 
This packaging 
system is compatible with tape- 
fed automatic pick and place 
systems. Each reel is sealed in a 


vapor barrier bag for added 
protection. Bulk packaging in 
vapor barrier bags is available 
upon speciai reqllest. 


~CA~ODE 


DR AS 
High 
High 
AlGaAs 
Efficiency 
Perfonnance 
Parameter 
Red 
Red 
Orange 
Yellow 
Green 
Units 


DC Forward Current[l) 
30 
30 
30 
20 
30 
mA 


Peak Forward Current[2] 
300 
90 
90 
60 
90 
mA 


Average Forward Current[2! 
20 
25 
25 
20 
25 
mA 


LED Junction 
Temperature 
95 
°C 


Transient 
Forward Current[3) 
(10 ~s Pulse) 
500 
mA 


Reverse Voltage OR = 100 ~) 
~. 
5 
V 


Operating Temperature 
Range 
-40 to +85 
°C 


Storage Temperature 
Range 
-40 to +85 
°C 


Reflow Soldering Temperatures 
Convective IR 
235°C Peak, above 185°C for 90 seconds. 


Vapor Phase 
215°C for 3 minutes. 


Notes: 
1. Derate 
dc current 
lineally 
from 50°C: For AlGaAs red, high efficiency red, and green devices at 0.67 mAl"C. 
For yellow devices 


at 0.44 mAl"C. 
2. Refer to Figure 
5 showing Maximum 
Tolerable Peak Current 
vs. Pulse duration 
to establish 
pulsed operating 
conditions. 
3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
damaging 
the LED 


die and wire bond. The device should not be operated 
at peak currents 
above the Absolute Maximum 
Peak Forward 
Current. 


Electrical/Optical 
Characteristics 
at TA = 25°C 


DR AS AlGaAs Red RSMH-TXOO 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous Intensity 
Iv 
9.0 
17.0 
mcd 
IF = 10 mA 


Forward Voltage 
VF 
1.8 
2.2 
V 
IF = 10 mA 


Reverse Breakdown Voltage 
VR 
5.0 
15.0 
V 
IR= 100~ 


Included Angle Between 
Half Intensity 
Points(l] 
28112 
120 
deg. 


Peak Wavelength 
ApEAK 
645 
nm 


Dominant Wavelength[21 
Ad 
637 
nm 


Spectral Line Half Width 
t,AII2 
20 
nm 


Speed of Response 
'ts 
30 
ns 
Time Constant, 
e-v~s 


Capacitance 
C 
30 
pF 
VF=O,f= 
1 MHz 


Thermal Resistance 
R8J.c 
180 
°CIW 
Junction-to-Cathode 
Luminous EfficacyE31 
11v 
80 
ImIW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
Iv 
2.0 
6.0 
mcd 
IF = 10 mA 


Forward 
Vol~age 
VF 
1.9 
2.5 
V 
IF= 10mA 


Reverse Breakdown 
Voltage 
VR 
5.0 
30.0 
V 
IR = 100 j.tA 


Included 
Angle Between 
Half Intensity 
Points[l] 
28112 
120 
deg. 


Peak Wavelength 
ApEAK 
635 
nm 


Dominant 
Wavelength[21 
Ad 
626 
nm 


Spectral 
Line Half Width 
t.A1f2 
, 
40 
nm 


Speed of Response 
'ts 
90 
ns 
Time Constant, 
e-tlT.s 


Capacitance 
C 
11 
pF 
VF = 0, f= 1 MHz 


Thermal 
Resistance 
R8J_C 
160 
°CfW 
Junction-to-Cathode 


Luminous 
Efficacy[31 
Tlv 
145 
ImfW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
Iv 
1.5 
5.0 
mcd 
IF= lOmA 


Forward 
Voltage 
VF 
1.9 
2.5 
V 
IF= lOmA 


Reverse Breakdown 
Voltage 
VR 
5.0 
30.0 
V 
iR = 100 j.tA 


Included 
Angle Between 
Half Intensity 
Points[ll 
2811'2 
120 
deg. 
)1 


Peak Wavelength 
APEAK 
600 
nm 


Dominant 
Wavelength(2J 
Ad 
602 
nm 
! 


Spectral 
Line Half Width 
t.Alf.! 
40 
nm 


Speed of Response 
'ts 
260 
ns 
Time Constant, 
e-tlT.s 


Capacitance 
C 
4 
pF 
VF=O,f= 
1MHz 


Thermal 
Resistance 
R8J_c 
160 
°CfW 
Junction-to-Cathode 


Luminous 
Efficacy[3] 
Tlv 
380 
ImfW 


Notes: 
1. 81/2 is the oIT-axis angle 
where 
the luminous 
intensity 
is half the on-axis 
value. 


2. The dominant 
wavelength'''-d' 
is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the color of the device. 


3. The radiant 
intensity, 
I", in watts 
per steradian, 
may be found from the equation 
Ie = l/'1v' 
where 
Iv is the luminous 
intensity 


in candelas 
and '1v is luminous 
efficacy 
in lumens/watt. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
Iv 
2.0 
5.0 
mcd 
IF = 10 mA 


Forward 
Voltage 
VF 
2.0 
2.5 
V 
IF = 10 mA 


Reverse Breakdown 
Voltage 
VR 
5.0 
50.0 
V 
IR = 100 IJA 


Included 
Angle Between 
HalfIntensity 
Points[ll 
29112 
120 
deg. 


Peak Wavelength 
ApEAK 
583 
nm 


Dominant 
Wavelength[2l 
Ad 
585 
nm 


Spectral 
Line Half Width 
~AII2 
36 
nm 


Speed of Response 
1:. 
90 
ns 
Time Constant, 
e-v,," 


Capacitance 
C 
15 
pF 
VF = 0, f= 1 MHz 


Thermal 
Resistance 
R9J_c 
160 
°CIW 
Junction-to-Cathode 


Luminous 
Efficacy[3l 
Tlv 
500 
ImIW 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity 
Iv 
5.0 
10.0 
mcd 
IF= lOmA 


Forward 
Voltage 
VF 
2.0 
2.5 
V 
IF = 10 mA 


Reverse Breakdown 
Voltage 
VR 
5.0 
50.0 
V 
IR = 100 IJA 


Included 
Angle Between 
HalfIntensity 
Points[l) 
29112 
120 
deg. 


Peak Wavelength 
APEAK 
570 
nm 


Dominant 
Wavelength[2J 
Ad 
572 
nm 


Spectral 
Line Half Width 
~AII2 
28 
nm 


Speed of Response 
1:. 
500 
ns 
Time Constant, 
e-v,," 


Capacitance 
C 
18 
pF 
VF = 0, f= 1 MHz 


Thermal 
Resistance 
R9J_c 
160 
°CIW 
Junction-to-Cathode 


Luminous 
Efficacy[3l 
Tlv 
595 
ImIW 


Notes: 
1. 8112 is the ofT-axis angle where the luminous 
intensity 
is half the on-axis value. 
2. The dominant 
wavelength, 
"-d, is derived from the CIE Chromaticity 
Diagram 
and represents 
the color of the device. 


3. The radiant 
intensity, 
1", in watts per steradian, 
may be found from the equation 
Ie = 1/11" where Iv is the luminous 
intensity 


in candelas 
and l1v is luminous efficacy in lumens/watt. 


• 


HIGH 
PERFORMANCE 
__ 


GREEN 


I 
I 


I 


I 


/ 


90 


80 


" 


70 


E, 


60 
>- 
~ 
50 
g; 
" 
40 
Ii!" 
30 
~ 
fZ 
20 
, 


10 


00 


3.0 


~ 
2.5 
w_ 
Z" 
~~ 2.0 
"'>- 
"" 
00 
1.5 
Zw 
:i"~ 
,,~ 
~" 
w" 
1.0 
>er 
t=~~- 0.5 
er 


<' 
3.0 


~~ 
ffi 
2.0 
':j",. 
ero 
1.0 
'" 


1.' 


1.2 
,. 
~4 
1.0 
wE 
g~ 
$!c 
0.8 
wO 
>w5~ 
O.S 


w'" 
",,,, 
0.' 
,0 
>~~ 
0.2 


-- 
-- 
-- 


--~, 
-- 
-- 
-- 


1.5 
1.' 
1.3 
1.2 


1.1 
1.0 


0.0 
0.8 


0.7 
O.S 
0.5 
0.' 
0.3 
0.2 


0.1 


0.0 o 
10 
ro 
~ 
@ 
~ 
~ 
ro 
~ 
~ 


IpEAK- 
PEAK FORWARD 
CURRENT 
- mA 


- 
YELLOW 
_ 
V 
L. 
/ 
I 


GREEN 


I 
HIGH 
EFFICIENCY 
- 


I 
RED, 
ORANGE 
r- 


• 


0.0 
2 
10 
20 
50 
100 
200 300 


IpEAK - PEAK FORWARD 
CURRENT 
- mA 


Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit Current) 
vs. Peak Current. 


Figure 
5. Maximum 
Tolerable 
Peak Current 
vs. Pulse Duration 


(loc MAX per MAX Ratings). 
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Convective mReflow 
Soldering 
For information 
on IR reflow 
soldering, 
refer to Application 
Note 1060, Surface Mounting 
SMT Led Indkator Components. 
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High Power 
T - 4 (13.3 mm) 
TS AlGaAs Red Lamp 


Features 
• 15 Candelas at 20 mA 
• Outstanding 
LED Material 
Efficiency 
• High Light Output Over a 
Wide Range of Drive 
Currents 
• 4° Viewing 
Angle 
• Low Forward 
Voltage 
• Low Power Dissipation 
• CMOSIMOS Compatible 
• Red Color 


Applications 
• Emitter 
for Emitter! 
Detector Applications 
• Power Signaling 
• Bright Ambient Lighting 
Conditions 
• Bar Code Readers 
•.Replacement 
for a Low 
Power Laser 


Description 
This untinted, 
non diffused solid 
state lamp utilizes a highly 
optimized LED material, trans- 
parent substrate 
aluminum gal- 
lium arsenide, TS AIGaAs. This 
material has outstanding 
light 
output efficiency over a wide 
range of currents, and has supe- 
rior high current capability to 
most other LED materials. 
The 


lamp design utilizes advanced 
optical methods to enable ex- 
tremely high peak intensity and 
a very narrow viewing angle. 
The LED color is red at a domi- 
nant wavelength of 637 nm. 


, •. 3~ 
"F=L 


1.27 
(O.OSOI NOM t 
_.•.H__0~J~~i51 


NOMIMAL 


~ 


-" 
'\ 


CATHODE 
J 


~ 
h 


2.54 
(0.100) NOM. 


f 


15.6 (0.614) 
;s.f~i 


Notes: 
1. All dimensions 
are in millimetres 
(inches). 


2. The leads arc mild steel, solder dipped. 
3. An epoxy meniscus 
may extend 
about 
1 mm (0.040 ..) down the leads. 


I 


Minimum 
Typical 
Maximum 
Typical 
Intensity 
Intensity 
Intensity 
Radiant 
Intensity 
29111 
(lJ 


(cd)@20mA 
(cd)@20mA 
(cd)@20mA 
(mW/sr) @20 mA 
(degrees) 


8.0 
15.0 
36.0 
176 
4.0 


Absolute Maximum Ratings 
at TA = 25°C 


Peak Forward Current[2] 
200 rnA 
Average Forward Current 
(@ IpEAK= 
200 rnA)U,21 
35 rnA 
DC Forward Current[31 
50 rnA 
Power Dissipation 
100 mW 
Reverse Voltage (lR=100 lJA) 
5 V 
Transient 
Forward Current 
(10 I!s Pulse)[41 
500 rnA 
Operating Temperature 
Range 
-55 to +100°C 
Storage Tl!mperature 
Range 
-55 to +100°C 
LED Junction 
Temperature 
110°C 
Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] 
260°C for 5 seconds 


Notes: 
1. Maximum 
lAva at 
f = 1 kHz, DF = 17.5%. 


2. Refer to Figure 6 to establish 
pulsed operating 
conditions. 


3. Derate linearly 
as shown in Figure 
5. 


4. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the 


device can withstand 
without 
damaging 
the LED die and wire bonds. 
It is not 
recommended 
that the device be operated 
at peak currents 
above the Absolute 
Maximum 
Peak Forward 
Current. 


Description 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Condition 


Forward Voltage 
VF 
1.85 
2.4 
V 
IF = 20 rnA 


Reverse Voltage 
VR 
5.0 
20.0 
V 
IR= 100 lJA 


Peak Wavelength 
/..pEAK 
650 
nm 


Dominant Wavelength 
[II 
Ad 
637 
nm 


Spectral Line Halfwidth 
8A1I2 
22 
nm 


Speed of Response 
'1:8 
45 
ns 
Exponential 
Time 
Constant, 
e-lX8 


Capacitance 
C 
20 
pF 
VF = 0, f= 1 MHz 


Thermal Resistance 
R9J.PIN 
210 
°CIW 
Junction-to-Anode 
Lead 


Luminous Efficacy [21 
'I1y 
85 
ImIW 


Notes: 
1. The dominant 
wavelength, 
A.d,is derived from the eIE 
chromaticity 
diagram 
and represents 
the color of the device. 


2. The radiant 
intensity, 
I , in watts per steradian, 
may be found from the equation 
I =I/Tl 
,where 
Iv is the luminous 
intensity 


in candelas and 1'\v is lu'hnnous efficacy in lumens/watt. 
e 
v 
3. The approximate 
total luminous 
flux output within a cone angle of 29 about the optical axis may be obtained 
from the 


following formula: 
cI>2(9) = [cI>/9)1ly(O)]!,,; 
Where: cI>/9)1ly(O) is obtained 
from Figure 
7. 
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Figure 
5. Maximum 
Forward 
DC Current 
vs. Ambient 
Temperature. 
Derating 
Based 
on T"MAX • 110°C. 
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T-13/4(5 mm) High Intensity 
Solid State Lamps 


Features 
• High Intensity 
• Choice of 3 Bright 
Colors 
High Efficiency Red 
Yellow 
High Performance Green 
• Popular 
T-I3/4Diameter 
Package 
• Selected 
Minimum 
Intensities 
• Narrow 
Viewing 
Angle 
• General 
Purpose 
Leads 


9.19 (.362) 


-i-"C" 


NOTES· 
1. 
ALL 
DIMENSIONS 
ARE 
IN MILUMETRES 
(INCHES) 
2. 
AN 
EPOXY 
MENISCUS 
MAV 
EXTEND 
ABOUT 
lmm 


\.040"\ DOWN THE LEADS. 


• Reliable 
and Rugged 
• Available 
on Tape and 
Reel 


Description 
This family ofT-P/4 lamps is 
specially designed for applica- 
tions requiring higher on-axis 
intensity than is achievable 
with a standard lamp. The light 
generated is focused to a narrow 
beam to achieve this effect. 


HLMP-331X Series 
• 
HLMP·341X Series 
_H_LM 
__ P_-3_5_1_X_S_er_i_e_s____ ~.. 


Minimum 
Part 
Intensity 
Number 
(mcd) 
Color 
HLMP- 
Description 
at 10mA 
(Material) 


3315 
Illuminator/ 
12 
High Efficiency 
Point Source 
Red 
(GaAsP on GaP) 
3316 
Illuminator/ 
20 
High Brightness 
, 


3415 
Illuminator/ 
10 
Yellow 
Point Source 
(GaAsP on GaP) 


3416 
Illuminator/ 
20 
High Brightness 


3517 
Illuminator/ 
6.7 
Green (GaP) 
Point Source 


3519 
Illuminator/ 
10.6 
High Brightness 


Device 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Iv 
Luminous Intensity 
3315 
).2.0 
40.0 
mcd 
IF = 10 mA (Figure 3) 
3316 
20.0 
60.0 


3415 
10.0 
40.0 
mcd 
IF = 10 mA (Figure 8) 
3416 
20.0 
50.0 


3517 
6.7 
50.0 
mcd 
IF = 10 mA (Figure 13) 


3519 
10.6 
70.0 


26112 
Including Angle 
3315 
35 
Deg. 
IF= 10mA 
Between Half 
3316 
35 
See Note 1 (Figure 6) 


Luminous Intensity 
Points 
3415 
35 
Deg. 
IF= 10mA 
3416 
35 
See Note 1 (Figure 11) 


3517 
24 
Deg. 
IF= 10mA 
3519 
24 
See Note 1 (Figure 16) 


APEAK 
Peak Wavelength 
331X 
635 
nm 
Measurement 
at Peak 
341X 
583 
(Figure 1) 
351X 
565 


~112 
Spectral Line Halfwidth 
331X 
40 
nm 
341X 
36 
351X 
28 


1...1 
Dominant Wavelength 
331X 
626 
nm 
See Note 2 (Figure 1) 


341X 
585 
351X 
569 
- 
" 
- 
. 


'to 
Speed of Response 
331X 
90 
ns 
341X 
90 
351X 
500 


C 
Capacitance 
331X 
11 
pF 
VF= 0; f = 1 MHz 
341X 
15 
351X 
18 


R6J.P1N 
Thermal Resistance 
331X 
260 
°CIW 
Junction 
to Cathode 
341X 
Lead 
351X 


VF 
Forward Voltage 
331X 
1.9 
2.4 
V 
IF = 10 mA (Figure 2) 
341X 
2.0 
2.4 
IF = 10 mA (Figure 7) 
351X 
2.1 
2.7 
IF = 10 mA (Figure 12) 


VR 
Reverse Breakdown Volt. 
All 
5.0 
V 
IR= 100 JlA 


Tlv 
Luminous Efficacy 
331X 
145 
lumens 
See Note 3 
341X 
500 
Watt 
351X 
595 


Notes: 
1. 9112 is the ofT-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant 
wavelength, 
A.d' is derived 
from the eIE 
chromaticity 
diagram 
and represents 
the single wavelength 
which 
dermes the color of the device. 
3. Radiant 
intensity, 
I". in watts/steradian, 
may be found from the equation 
I" = 1jrJ •• where I" is the luminous 
intensity 
in 
candelas 
and 1].is the luminous 
efficacy in lumens/watt. 


Parameter 
331XSeries 
341XSeries 
351XSeries 
Units 


Peak Forward 
Current 
90 
60 
90 
mA 


Average Forward 
Current[l] 
25 
20 
25 
mA 


DC Current[21 
30 
20 
30 
mA 


Power Dissipation[31 
135 
85 
135 
mW 


Reverse Voltage OR = 100 jlA) 
5 
5 
5 
V 


Transient 
Forward 
Current[41 
500 
500 
500 
mA 
(10 p.sec Pulse) 


LED Junction 
Temperature 
110 
110 
110 
°C 


Operating 
Temperature 
Range 
-55 to +100 
-55 to +100 
-20 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering 
Temperature 
260°C for 5 seconds 
[1.6 mm (0.063 in.) from body] 
, 


Notes: 
1. See Figure 
5 (Red), 
10 (Yellow), or 15 (Green) 
to establish 
pulsed 
operating 
conditions. 
2. For Red and Green 
series 
derate 
linearly 
from 50°C at 0.5 mA/"C. For Yellow series 
derate 
linearly 
from WOC at 0.2 mA/"C. 


3. For Red and Green 
series 
derate 
power linearly 
from 25°C at 1.8 mW/"C. For Yellow series 
derate 
power 
linearly 
from 50°C at 
1.6 mW/"C. 


4. The transient 
peak 
current 
is the maximum 
non-recurring 
peak current 
that 
can be applied 
to the device without 
damaging 
the 
LED die and wirebond. 
It is not recommended 
that 
the device be operated 
at peak currents 
beyond 
the peak 
forward 
current 
listed 
in the Absolute 
Maximum 
Ratings. 
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Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage Characteristics. 


Figure 
5. Maximum Tolerable 
Peak 
Current 
vs. Pulse Duration 
(IDe 
MAX as per MAX Ratings). 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. 


Figure 
7. Forward 
Current 
vs. 
Forward 
Voltage Characteristics. 


Figure 
10. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse Duration 
(IDe 
MAX as per MAX Ratings). 
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Figure 
8. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
9. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. • 
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Figure 
15. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse Duration aDC 
MAXas per MAXRatings). 


Figure 
13. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. 


Figure 
16. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
T·ls/. 
Lamp. 
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T-13/4 (5 mm) Diffused Solid 
State Lamps 
HLMP-3300 Series 
HLMP·3400 Series 
HLMP·3500 Series 
HLMP·3762 
HLMP·3862 
HLMP-3962 
HLMP-D400 Series 
~HLMP-D600 


Features 
• High Intensity 
• Choice 
of 4 Bright 
Colors 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
• Popular 
T-1s/4 Diameter 
Package 
• Selected 
Minimum 
Intensities 
• Wide Viewing 
Angle 
• General 
Purpose 
Leads 


• Reliable 
and Rugged 
• Available 
on Tape and Reel 


Description 
This family ofT-13/4Iamps is 
widely used in general purpose 
indicator applications. Diffus- 
ants, tints, and optical design 
are balanced to yield superior 
light output and wide viewing 
angles. Several intensity choices 
are available in each color for 
increased design flexibility. 


Part 
Number 
Minimum 
Intensity 
HLMP- 
Application 
(mcd) at 10 mA 
Color (Material) 


3300 
General Purpose 
2.1 
High Efficiency Red (GaAsP on GaP) 


3301 
High Ambient 
4.0 


3762 
Premium Lamp 
8.0 


D400 
General Purpose 
2.1 
Orange (GaAsP on GaP) 


D401 
High Ambient 
4.0 


3400 
General Purpose 
2.2 
Yellow (GaAsP on GaP) 


3401 
High Ambient 
4.0 


3862 
Premium Lamp 
8.0 


3502 
General Purpose 
1.6 
Green (GaP) 565 nm 


3507 
High Ambient 
4.2 


3962 
Premium Lamp 
8.0 


D600[l] 
General Purpose 
1.0 
Emerald Green (GaP) 558 nm 


Note: 
1. Please 
refer to Application 
Note 1061 for information 
comparing 
standard 
green and emerald 
green light output 
degradation. 


• 


9.19 (.362) 


~~321 


NOTES 
1 
ALL 
DIMENSIONS 
ARE 
IN MILUMETRES 
(lNCHESl 


2. 
AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 


(,040"1 
OOWN 
THE 
LEADS 


Device 
Test 
Symbol 
Parameter 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Luminous Intensity 
High Efficiency Red 
mcd 
IF= 10 mA 
3300 
2.1 
3.5 
3301 
4.0 
7.0 
3762 
8.0 
12.0 
, 


Orange 
D400 
2.1 
3.5 
D401 
4.0 
7.0 
I- 


e 
Yellow 
3400 
2.2 
4.0 
3401 
4.0 
8.0 
3862 
8.0 
12.0 
r 


Green 
3502 
1.6 
2.4 
3507 
4.2 
5.2 
It 
3962 
8.0 
11.0 


Emerald Green 
D600 
1.0 
3.0 


28m 
Included Angle 
High Efficiency Red 
60 
Deg. 
IF= 10 mA 
Between Half 
Orange 
60 
See Note 1 
Luminous Intensity 
Yellow 
60 
Points 
Green 
60 
Emerald Green 
60 


APEAK 
Peak Wavelength 
High Efficiency Red 
635 
nm 
Measurement 
Orange 
600 
at Peak 
Yellow 
583 
Green 
565 
Emerald Green 
558 


Device 
Test 
Symbol 
Parameter 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Conditions 


LUll.! 
Spectral Line Halfwidth 
HER/Orange 
40 
nm 
Yellow 
36 
Green 
28 
Emerald Green 
24 


A.J 
Dominant Wavelength 
High Efficiency Red 
626 
nm 
See Note 2 
Orange 
602 
Yellow 
585 
Green 
569 
Emerald Green 
560 


'to 
Speed of Response 
High Efficiency Red 
90 
ns 
Orange 
280 
Yellow 
90 
Green 
500 
Emerald Green 
560 


C 
Capacitance 
High Efficiency Red 
11 
pF 
VF=O; 


Orange 
4 
f= 1 MHz 
Yellow 
15 
Green 
18 
Emerald Green 
3100 
RllJ_P1N 
Thermal Resistance 
All 
,260 
·CIW 
Junction to 
Cathode Lead 


VF 
Forward Voltage 
HER/Orange 
1.9 
2.4 
V 
IF= 10mA 
Yellow 
2.0 
2.4 
Green 
2.1 
2.7 
Emerald Green 
2.1 
2.7 
VR 
Reverse Breakdown 
All 
5.0 
V 
IR= 100 IJA 
Voltage 


1]v 
Luminous Efficacy 
High Efficiency Red 
- 
145 
llunma 
See Note 3 
Orange 
380 
Watt 
Yellow 
- 
500 
Green 
595 
Emerald Green 
656 


Notes: 
1. 9112 is the ofT-axisangle at which the luminous intensity is half the axial luminous intensity. 
2. The dominant wavelength, Ad' is derived from the eIE chromaticity diagram and represents the single wavelength which 
dermes the color of the device. 


3. Radiant intensity, 1",in Watts/steradian, 
may be found from the equation 1"= Ijrj •• where r. is the luminous intensity in 
candelas and TJy is the luminous efficacy in lumenslWatt. 


I 


Green! 
Parameter 
HEIUOrange 
Yellow 
Emerald 
Green 
Units 


Peak Forward 
Current 
90 
60 
90 
mA 


Average Forward 
Current[ll 
25 
20 
25 
mA 


DC Current[2l 
30 
20 
30 
mA 


Power Dissipation[3l 
135 
85 
135 
mW 


Reverse Voltage (lR = 100 11A) 
5 
5 
5 
V 


Transient 
Forward 
Current!4l 
500 
500 
500 
mA 
(10 ~sec Pulse) 


LED Junction 
Temperature 
110 
110 
110 
°C 


Operating 
Temperature 
Range 
-55 to +100 
-55 to +100 
-20 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering 
Temperature 
260°C for 5 seconds 
[1.6 mm (0.063 in.) from body] 


Notes: 
1. See Figure 
5 <Red/Orange), 
10 <Yellow), or 15 (Green) to establish 
pulsed operating 
conditions. 
2. For Red, Orange 
and Green series derate linearly 
from 50gC at 0.5 mAlgC. For Yellow series derate 
linearly 
from 50gC at 0.2 


mA/".C. 
3.1.8 
mW/"C. For Yellow series derate 
power linearly 
from 50gC at 1.6 mW/"C. 
4. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
that can be applied to the device without 
damaging 
the 


LED die and wirebond. 
It is not recommended 
that the device be operated 
at peak currents 
beyond the peak forward current 


listed in the Absolute Maximum 
Ratings. 
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Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage Characteristics. 


~ 
5. Maximum 
Tolerable 
Peak 
Current 
V8.Pulse Duration. 
(100 
MAX as per MAXRatings) 
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Figure 
3. Relative 
Luminou8 
Intensity 
vs. DC Forward 
Current. 
Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. 
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Figure 
7. Forward 
Current 
vs. 


Forward 
Voltage Characteristics. 


Fipre 
10. Maximum 
Tolerable 
Peak 
Current 
VB. Pulse Duration. 
(IDe 
MAXas per MAXRatings) 
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Figure 
8. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
Figure 
9. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 
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Figure 
12. Forward 
Current 
vs. 
Forward 
Voltage 
Characteristics. 
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15. Maldmum 
Tolerable 
Peak 
Current 
VII. Pulse Duration. 
(IDe 
MAX ••• per MAX Ratinp) 
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Figure 
13. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. I 
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T-13/4(5 mm) Low Profile Solid 
State Lamps 


Features 
• High Intensity 
• Low Prome: 5.8 mm 
(0.23 in.) Nominal 
• T-W. Diameter 
Package 
• Diffused and Non-diffused 
Types 
• General 
Purpose 
Leads 
• IC CompatiblelLow 
Current 
Requirements 
• Reliable 
and Rugged 


Description 
The HLMP-320X 
Series are 
Gallium Arsenide 
Phosphide 
Red Light Emitting 
Diodes with 
a red diffused lens. 


The HLMP-335X1-336X Series 
are Gallium 
Arsenide 
Phosphide 
on Gallium 
Phosphide 
High 
Efficiency Red Light Emitting 
Diodes. 


The HLMP-345X1-346X Series 
are Gallium Arsenide 
Phosphide 
on Gallium 
Phosphide 
Yellow 
Light Emitting 
Diodes. 


The HLMP-355X1-356X Series 
are Gallium 
Phosphide 
Green 
Light Emitting 
Diodes. 


The Low Profile T-P/. 
package 
provides space savings and is 
excellent for backlighting 
applications. 


HLMP-320X Series 
HLMP·335X Series 
HLMP-336X Series 
HLMP-345X Series 
HLMP-346X Series 
HLMP-355X Series 
HLMP·356X Series 


r 


25.40 (1.00) 
,~~,JJ 
~ 


f 
--I ~ 
0.45 
(.011' 
saUARE 
NOMINAL 


NOTES: 
1. 
ALL DIMENSIONSARE 


IN 
MILLIMETRES 
(INCHES) 
2. 
AN EPOXYMENISCU5MAY 
EXTEND ABOUT lmm 
f.04Q'" 


DOWN THE LEADS. 


, 
, 


~2.541.100) 
NOM. 


Part 
Minimum 
Number 
Intensity@ 
HLMP- 
Application 
10mA(mcd) 
Lens 


3200 
Indicator - General Purpose 
1.0[ll 
Tinted Diffused Wide Angle 


3201 
Indicator - High Brightness 
2.0[1] 
Red 


3350 
Indicator - General Purpose 
2.0 
Tinted Diffused Wide Angle 


3351 
Indicator - High Brightness 
5.0 
HER 


3365 
General Purpose Point Source 
7.0 
Tinted Non-diffused Narrow An~le 


3366 
Indicator - High Brightness 
12.0 
HER 


3450 
Indicator - General Purpose 
2.5 
Tinted Diffused Wide Angle 


3451 
Indicator - High Brightness 
6.0 
Yellow 


3465 
General Purpose Point Source 
6.0 
Tinted Non-diffused Narrow Angle 


3466 
Indicator - High Brightness 
12.0 
Yellow 


3553 
Indicator - General Purpose 
1.6 
Tinted Diffused Wide An~le 


3554 
Indicator - High Brightness 
6.7 
Green 


3567 
General Purpose Point Source 
4.2 
Tinted Non-diffused Narrow Angle 


3568 
Indicator - High Brightness 
10.6 
Green 


Notes: 
1. IF= 20 mA. 


Red HLMP·320x/·335X Series 
Electrical Specifications at TA = 25°C 


Device 
Test 
Symbol 
Description 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Axial Luminous Intensity 
3200 
1.0 
2.0 
mcd 
IF= 20mA 
3201 
2.0 
4.0 


28m 
Including Angle Between Half 
60 
deg. 
Note 1 
Luminous Intensity Points 


APEAK 
Peak Wavelength 
655 
nm 
Measurement 
at Peak 


A.! 
Dominant Wavelength 
648 
nm 
Note 2 


&..1/2 
Spectral Line Halfwidth 
24 
nm 


'to 
Speed of Response 
10 
ns 
C 
Capacitance 
100 
pF 
VF = 0; f = 1 MHz 
R8J.P1N 
Thermal Resistance 
260 
°CIW 
Junction to 
Cathode Lead 
VF 
Forward Voltage 
1.4 
1.6 
2.0 
V 
IF= 20 mA 
VR 
Reverse Breakdown Voltage 
5.0 
V 
IR = 100 J.1A 


1]v 
Luminous Efficacy 
65 
ImIW 
See Note 3 


Notes: 
1. 81/2 is the off-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 
2. Dominant 
wavelength, 
"'d, is derived 
from the eIE 
chromaticity 
diagram 
and represents 
the single wavelength 
which defines 
the color of the device. 


3. Radiant 
Intensity, 
I,., in watts/steradian 
may be found from the equation 
I,. = Vrl •• where I. is the luminous 
intensity 
in 
candelas 
and 
Tlv is the luminous 
efficacy in lumens/watt. 
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Figure 3.Relative Luminous 
Intensity 
VB. Forward Current. 


Figure 15.Mmdmum Tolerable Peak 
Current va. Pulse Duration. 
(100 
MAXas per MAXRatings) 


..... 
/ 


I 


0- 
" 
~ 
1.10 
::; 
~~ 


Figure 4. Relative Efficiency 
(Luminous Intensity per Unit 
Current) va. Peak LED Current. 


High Efficiency Red HLMP-335X1·336XSeries 
Electrical 
Specifications 
at TA = 25°C 


Device 
Test 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Axial Luminous Intensity 
3350 
2.0 
3.5 
mcd 
IF= 10mA 
3351 
5.0 
7.0 
(Figure 8) 
3365 
7.0 
10.0 
3366 
12.0 
18.0 


29m 
Including Angle Between Half 
3350 
50 
Deg. 
Note 1 (Figure 11) 
Luminous Intensity Points 
3351 
50 
3365 
45 
3366 
45 


APEAK 
Peak Wavelength 
635 
nm 
Measurement 
at 
Peak (Figure 1) 


A.J 
Dominant Wavelength 
626 
nm 
Note 2 


~m 
Spectral Line Halfwidth 
40 
nm 


't,. 
Speed of Response 
90 
ns 


C 
Capacitance 
11 
pF 
VF= 0; f = 1 MHz 


R9J-P1N 
Thermal Resistance 
260 
°CIW 
Junction 
to 
Cathode Lead 


VF 
Forward Voltage 
1.9 
2.4 
V 
IF= 10mA 
(Figure 7) 
VR 
Reverse Breakdown Voltage 
5.0 
V 
IR= 100 J1A 


'Tlv 
Luminous Efficacy 
145 
ImIW 
Note 3 


Notes: 
1. 91/2 is the ofT-axisangle at which the luminous intensity is half the axia1lumioous intensity. 
2. Dominant wavelength. A..!.is derived fromthe CIE chromaticity diagram and represents the single wavelength which defines 
the colorofthe device. 
3. Radiant Intensity. Ie.in watts/steradian may be found fromthe equation Ie = I/tl ••where I,.is the lumioous intensity in 
candelas and 'I. is the luminous efficacyin lumens/watt. 
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Figure 7. Forward 
Current 
vs. 


Forward Voltage. 
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Figure 8. Relative Luminous 
Intensity 
vs. Forward 
Current. 
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Figure 9. Relative Efficiency 
(Luminous Intensity 
per Unit 
Current) 
vs. Peak Current. 


• 


Figure 
10. Maximum 
Tolerable 
Peak 
Figure 
11. Relative 
Luminous 
Intensity 
va. Angular 
Displacement. 
Current 
vs. Pulse Duration. 
(IDe 
MAX as per MAX Ratings) 


Yellow HLMP·345X!·346XSeries 
Electrical 
Specifications 
at TA = 25°C 


Device 
Test 
Symbol 
Description 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Axial 
Luminous 
Intensity 
3450 
2.5 
4.0 
mcd 
IF= 
10 mA 
3451 
6.0 
10.0 
(Figure 
13) 
3465 
6.0 
12.0 
3466 
12.0 
18.0 


26m 
Including 
Angle 
Between 
Half 
3450 
50 
Deg. 
Note.1 
(Figure 
16) 
Luminous 
Intensity 
Points 
3451 
50 
3465 
45 
3466 
45 


APEAK 
Peak 
Wavelength 
583 
nm 
Measurement 
at 
Peak 
(Figure 
1) 


A.i 
Dominant 
Wavelength 
585 
nm 
Note 
2 
M1fl 
Spectral 
Line Halfwidth 
36 
nm 


'to 
Speed 
of Response 
90 
ns 


C 
Capacitance 
15 
pF 
VF = 0; f = 1 MHz 


R6J.P1N 
Thermal 
Resistance 
260 
°CIW 
Junction 
to 
Cathode 
Lead 


VF 
Forward 
Voltage 
2.0 
2.4 
V 
IF= 
10mA 
(Figure 
12) 


VR 
Reverse 
Breakdown 
Voltage 
5.0 
V 
IR = 100 !LA 


llv 
Luminous 
Efficacy 
500 
ImIW 
Note 
3 


Notes: 
1. 9112 is the ofT·axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 
2. Dominant 
wavelength. 
A.!.is derived from the eIE chromaticity 
diagram 
and represents 
the single wavelength 
which defines 
the color of the device. 


3. Radiant 
Intensity. 
I.. in watts/steradian 
may be found from the equation 
I. = I.h1v. where Iv is the luminous 
intensity 
in 
candelas 
and Tlvis the luminous 
efficacy in lumens/watt. 
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Figure 
12. Forward 
Current 
vs. 
Forward 
Voltage. 


Figure 
15. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse Duration. 
Uoc 


MAX as per MAX Ratings) 
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Figure 
13. Relative 
Luminous 
Intensity 
VB. Forward 
Current. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. • 


Green HLMP·355X1·356XSeries 
Electrical 
Specifications 
at TA = 25°C 


Device 
Test 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Axial Luminous Intensity 
3553 
1.6 
3.2 
mcd 
IF= 10mA 
3554 
6.7 
10.0 
(Figure 18) 
3567 
4.2 
7.0 
3568 
10.6 
15.0 


29m 
Including Angle Between Half 
3553 
50 
Deg. 
Note 1 (Figure 21) 


Luminous Intensity Points 
3554 
50 
3567 
40 
3568 
40 


APEAK 
Peak Wavelength 
565 
nm 
Measurement at 
Peak (Figure 1) 


A..i 
Dominant Wavelength 
569 
nm 
Note 2 


Mv'l 
Spectral Line Halfwidth 
28 
nm 


't. 
Speed of Response 
500 
ns 
C 
Capacitance 
18 
pF 
VF = 0; f = 1 MHz 


R9J.PIN 
Thermal Resistance 
260 
·CIW 
Junction to 
Cathode Lead 
VF 
Forward Voltage 
2.1 
2.7 
V 
IF= 10mA 
(Figure 17) 


Va 
Reverse Breakdown Voltage 
5.0 
V 
Ia = 100 ItA 


llv 
Luminous Efficacy 
595 
ImIW 
Note 3 


Notes: 
1. 0112 is the ofT-axis angle at which the luminous intensity 
is half the axial luminous 
intensity. 


2. Dominant 
wavelength, 
A.!,is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which defines 
the color of the device. 
3. Radiant 
Intensity, 
1", in watts/steradian 
may be found from the equation 
I" = I.h1•• where I,. is the luminous 
intensity 
in 
candelas 
and '1. is the luminous 
efficacy in lumens/watt. 


II 


/ 


I/ 


./ 


Figure 
17. Forward 
Current 
vs. 


Forward 
Voltage. 


TA=25°C 
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Figure 
18. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
Figure 
19. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak 
Current. 


Figure 20. Maximum Tolerable Peak 
CWTent vs. Pulse Duration. 
(IDe 
MAXas per MAXRatings) 
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T-13/4 (5 mm) Red Solid State 
Lamps 


Features 
• Low Cost, Broad 
Applications 
• Long Life, Solid State 
Reliability 
• Low Power 
Requirements: 
20mA@1.GV 
• High Light 
Output: 
2.0 mcd Typical for 
HLMP-3000 
4.0 mcd Typical for 
HLMP-3001 
• Wide and Narrow 
Viewing 
Angle Types 
• Red Diffused 
and Non- 
diffused 
Versions 


Package Dimensions 


5.08 (.200) 
4.57(.180) 


9.19 (.362) 
~l2) 


25.40 
(1.()O) 
MIN. 


1.27.1.050) 
NOMINAL J1 


Description 
The HLMP-3000 series lamps 
are Gallium Arsenide Phosphide 
light emitting diodes intended 
for High VolumeILow Cost 
applications such as indicators 
for appliances, smoke detectors, 
automobile instrument 
panels, 
and many other commercial 
uses. 


The HLMP-3000/-300lJ-3002/ 
-3003 have red diffused lenses 
whereas the HLMP-3050 has a 
red non-diffused lens. These 
lamps can be panel mounted 
using mounting clip 


NOTES: 


1. 
ALL 
DIMENSIONS 
ARE 
IN MllLiMETRES 
llNCHES). 


2. 
AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 
(.040") 
DOWN 
THE 
LEADS. 


HLMP·3000 
HLMP·3001 
HLMP-3002 
HLMp·3003 
HLMP·3050 


HLMP-0103. The HLMP-3000/ 
-3001 lamps have 0.025" leads 
and the HLMP-3002/-3003! 
-3050 have 0.018" leads. 


t-b--~:~~: 
-1 


I 
9.19 (.3621 
.89 (.035) 
8.431.3321 


'1.56 (.4551 
.64 1.0251 1 


10.80 (.425) 
---l.. 


I 
,t 
r- 
1.J2{.052J 
I 
1.02 (.0401 


23.0(.901 
0.64(.025) 


MIN. 
-SQUARE 


1.27 
(.050) I ~~ 
NOMINAL 


NOM. 
~-1- 


~ 


~~~ 


n+n\ 
6.1 (.2401 
Ii 
5.6 1.220) 
"- '~ 


CATHODE 


- 
2.54 (.1001 NOM. 


Parameter 
SOOOSeries 
Units 


Power Dissipation 
100 
mW 


DC Forward 
Current 
(Derate 
linearly 
from 50°C at 0.2 mA!°C) 
50 
mA 


Average 
Forward 
Current 
50 
mA 


Peak Operating 
Forward 
Current 
1000 
mA 


Reverse 
Voltage (IR = 100 ~) 
5 
V 
Transient 
Forward 
Current!l] 
(10 ~sec Pulse) 
2000 
mA 


LED Junction 
Temperature 
110 
°C 


Operating 
and Storage 
Temperature 
Range 
-55°C to +100°C 
Lead Solder Temperature 
(1.6 rom [0.063 inch] below package 
base) 
260°C for 5 seconds 


Note: 
1. The transient 
peak current 
is the maximum 
non.recurring 
peak current 
that can be applied to the device without 
damaging 
the 
LED die and wirebond. 
It is not recommended 
that the device be operated 
at peak currents 
beyond the peak forward current 
listed in the Absolute 
Maximum 
Ratings. 


Device 
Test 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Luminous 
Intensity 
3000/3002 
1.0 
2.0 
mcd 
IF= 20 mA 
300113003 
2.0 
4.0 
mcd 
IF= 20 mA 
3050 
1.0 
2.5 
mcd 
IF = 20 mA 


28m 
Including 
Angle Between 
3000/3002 
60 
Deg. 
IF= 20 mA 
Half Luminous 
In tensi ty 
300113003 
60 
Points 
3050 
24 


Ap 
Peak Wavelength 
3000/3002 
655 
nm 
Measurement 
300113003 
655 
at Peak 
3050 
655 


A.i 
Dominant 
Wavelength 
3000/3002 
648 
nm 
300113003 
3050 


&..112 
Spectral 
Line Halfwidth 
3000/3002 
24 
nm 
300113003 
3050 


'to 
Speed of Response 
3000/3002 
10 
ns 
300113003 
3050 


C 
Capacitance 
3000/3002 
100 
pF 
VF=O. 


300113003 
f= 1 MHz 
3050 


R8J.P1N 
Thermal 
Resistance 
3000/3001 
210 
°CIW 
Junction 
to 
300213003 
260 
Cathode 
Lead 
3050 
260 
VF 
Forward 
Voltage 
3000/3002 
1.4 
1.6 
2.0 
V 
IF= 20mA 
300113003 
(Fig. 2) 


3050 


VR 
Reverse 
Breakdown 
Voltage 
3000/3002 
5.0 
V 
IR= 100 ~ 
300113003 
3050 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. Angular 
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F,,;' HEWLETT 
~~PACKARD 


T-l (3 mm) High Intensity 
Solid State Lamps 


Features 
• High Intensity 
• Choice 
of 3 Bright 
Colors 
High Efficiency Red 
Yellow 
High Performance Green 
• Popular 
T-I Diameter 
Package 
• Selected 
Minimum 
Intensities 
• Narrow 
Viewing 
Angle 


3.18l...!'!Jlil 
2.67 (0.1(61 


3.43(0.1351 
2.92 fQ.fi51 


6.35 (0.2501'T~ 


24.13 (0.95) 


MIN. 


4.7010.1851 
-------!.. 
4.19(0.165) 
I 
I 
1.02 
(0.040) 
NOM. 


1.27 (0. 


0501'1L 
NOM. 


2.54 (0.100) 


NOM. 


NOTES: 


,. 
ALL 
DIMENSIONS 
ARE 
IN MILlIMETRES 
(INCHES). 


2. 
AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 


(0.040"1 DOWN THE lEADS. 


• General 
Purpose 
Leads 
• Reliable 
and Rugged 
• Available 
on Tape and Reel 


Description 
This family ofT-l lamps is 
specially designed for applica- 
tions requiring higher on-axis 
intensity than is achievable 
with a standard lamp. The light 
generated is focused to a narrow 
beam to achieve this effect. 


HLMP·132X 
Series 
• 
HLMP-142X 
Series 
_H_LMP 
__ 
-_15_2X_S_e_n_oe_s___ 
~: 


Minimum 
Part 
Intensity 
Number 
(mcd) at 
Color 
HLMP- 
Description 
10mA 
(Material) 


1320 
Untinted 
8.6 
High Efficiency Red 
Non-diffused 
(GaAsP on GaP) 


1321 
Tinted 
8.6 
Non-diffused 


1420 
Untinted 
9.2 
Yellow 
Non-diffused 
(GaAsP on GaP) 


1421 
Tinted 
6.0 
Non-diffused 


1520 
Untinted 
4.2 
Green (GaP) 


Non-diffused 


1521 
Tinted 
4.2 
Non-diffused 


Parameter 
Red 
Yellow 
Green 
Units 


Peak Forward 
Current 
90 
60 
90 
mA 


Average 
Forward 
Current[l) 
25 
20 
25 
mA 


DC Current[21 
30 
20 
30 
mA 


Power Dissipation[31 
135 
85 
135 
mW 


Reverse Voltage OR = 100 J,LA) 
5 
5 
5 
V 


Transient 
Forward 
Current[4) 
500 
500 
500 
mA 
(10 J.l.SecPulse) 


LED Junction 
Temperature 
110 
110 
110 
°C 


Operating 
Temperature 
Range 
-55 to +100 
-55 to +100 
-20 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering 
Temperature 
260°C for 5 seconds 
[1.6 mm (0.063 in.) from body] 
. 


Notes: 
1. See Figure 
5 (Red), 
10 (Yellow), or 15 (Green) 
to establish 
pulsed 
operating 
conditions. 
2. For Red and Green 
series 
derate 
linearly 
from 50°C at 0.5 mAl°C. For Yellow series 
derate 
linearly 
from WOC at 0.2 mAl°C. 
3. For Red and Green 
series 
derate 
power linearly 
from 25°C at 1.8 mWI"C. For Yellow series 
derate 
power 
linearly 
from 50°C at 
1.6 mWI"C. 


4. The transient 
peak 
current 
is the maximum 
non-recurring 
peak current 
that 
can be applied 
to the device without 
damaging 
the 
LED die and wirebond. 
It is not recommended 
that 
the device be operated 
at peak currents 
beyond 
the peak 
forward 
current 
listed 
in the Absolute 
Maximum 
Ratings. 


Device 
Test 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Luminous Intensity 
1320 
8.6 
12.0 
mcd 
IF= 10mA 
1321 
8.6 
12.0 
(Figure 3) 


1420 
9.2 
12.0 
mcd 
IF= 10mA 
1421 
6.0 
12.0 
(Figure 8) 


1520 
4.2 
12.0 
mcd 
IF= 10mA 
1521 
4.2 
12.0 
(Figure 3) 


29m 
Including Angle Between 
All 
45 
Deg. 
IF= 10mA 
Half Luminous Intensity 
See Note 1 
Points 
(Figures 6, 11, 16, 21) 


APEAK 
Peak Wavelength 
132X 
635 
nm 
Measurement 
142X 
583 
at Peak (Figure 1) 
152X 
565 


llAm 
Spectral Line Halfwidth 
132X 
40 
nm 
142X 
36 
152X 
28 


A.! 
Dominant Wavelength 
132X 
626 
nm 
See Note 2 
142X 
585 
(Figure 1) 
152X 
569 


'to 
Speed of Response 
132X 
90 
ns 
142X 
90 
152X 
500 
C 
Capacitance 
132X 
11 
pF 
VF = 0; f = 1MHz 
142X 
15 
152X 
18 


R9J.P1N 
Thermal Resistance 
All 
290 
·CIW 
Junction to 
Cathode Lead 
VF 
Forward Voltage 
132X 
1.9 
2.4 
V 
IF= 10 mA 
142X 
2.0 
2.4 
152X 
2.1 
2.7 
VR 
Reverse Breakdown 
All 
5.0 
V 
IR = 100 J,LA 
Voltage 


TJv 
Luminous Efficacy 
132X 
145 
~ 
See Note 3 
142X 
500 
Watt 
152X 
595 


Notes: 
1. 8m is the ofT·axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant 
wavelength, 
A.d' is derived from the eIE 
chromaticity 
diagram 
and represents 
the single wavelength 
which 
defmes the color of the device. 


3. Radiant 
intensity, 
I., in watts/steradian, 
may be found from the equation 
I. = V11., where I. is the luminous 
intensity 
in 
candelas 
and 11. is the luminous 
efficacy in lumens/watt. 
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Figure 
2. Forward 
Current 
vs. 


Forward 
Voltage 
Characteristics. 
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Figure 
5. Maximum 
Tolerable 
Peak 
Current 
VB. Pulse Duration. 
Uoc 
MAX as per MAX Ratings) 
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Figure 
3. Relative 
Luminous 
Intensity 
VB. DC Forward 
Current. 
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per Unit 
Current) 
VB. Peak LED Current. 
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Figure 7.Forward Current vs. 
Forward Voltage Characteristics. 


Figure 10.Maldmum Tolerable Peak 
Current vs. Pulse Duration. 
(looMAXas per MAXRatings) 
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Figure 8.Relative Luminous 
Intensity vs. Forward Current. 
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Figure 9.Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. • 
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Figure 
12. Forward 
Current 
vs. 
Forward 
Voltsge 
Characteristics. 


Figure 
15. Ma>dmum Tolerable 
Peak 
Current 
VII. Pulse Duration. 


(locMAX as per MAX Ratings) 


! / 
- 
i/ 
/ 


I 


/ 
/ 
./ 


Figure 
13. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. 


FliU- HEWLETT 
~~PACKARD 


T-l (3 mm) Diffused Solid 
State Lamps 


Features 
• High Intensity 
• Choice of 4 Bright 
Colors 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 


• Popular 
T-} Diameter 
Package 


• Selected 
Minimum 
Intensities 


• Wide Viewing Angle 
• General 
Purpose 
Leads 


t 


1.02 (.0401 
NOM. 


1.271.05011L 
NOMINAL 


2.54 (.100) 
NOMINAL 


NOTES: 
1. 
ALL 
DIMENSIDNS 
ARE 
IN MILLIMETRES 
(INCHES). 


2. 
AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
1mm 


1.040") 
DOWN 
THE 
LEADS. 


HLMP-130X Series 
HLMP-1385 
HLMP-K40X Series 
HLMP·140X Series 
HLMP·1485 
HLMP·1503 
HLMP·1523 
HLMP-1585 
~HLMP.K600 


• Reliable 
and Rugged 
• Available 
on Tape and Reel 


Description 
This family ofT-l lamps is 
widely used in general purpose 
indicator applications. Diffus- 
ants, tints, and optical design 
are balanced to yield superior 
light output and wide viewing 
angles. Several intensity choices 
are available in each color for 
increased design flexibility. 


Part 
Minimum 
Number 
Intensity 
Color 


m..MP- 
Application 
(mcd) at 10 mA 
(Material) 


1300 
General Purpose 
1.0 
High Efficiency 


1301 
General Purpose 
2.0 
Red 
(GaAsPon 


1302 
High Ambient 
3.0 
GaP) 


1385 
Premium 
Lamp 
6.0 


K400 
General Purpose 
1.0 
Orange 


K401 
High Ambient 
2.0 
(GaAsPon 
GaP) 
K402 
Premium 
Lamp 
3.0 


1400 
General Purpose 
1.0 
Yellow 


1401 
General Purpose 
2.0 
(GaAsPon 
GaP) 
1402 
High Ambient 
3.0 


1485 
Premium 
Lamp 
6.0 


1503 
General Purpose 
1.0 
Green 


1523 
High Ambient 
2.6 
(GaP) 


1585 
Premium 
Lamp 
4.0 
K600[l] 
General Purpose 
1.0 
Emerald 
Green 
(GaP) 


Note: 
1.Please 
refer to Application 
Note 1061for information 
comparing 
standard 
green 
and emersld 
green light output 
degradation. 


Parameter 
HER/Orange 
Yellow 
Green 
Units 


Peak Forward 
Current 
90 
60 
90 
mA 


Average Forward 
Current[l) 
25 
20 
25 
mA 


DC Current[2] 
30 
20 
30 
mA 


Reverse Voltage (IR = 100~) 
5 
5 
5 
V 


Transient 
Forward 
Current[4] 
500 
500 
500 
mA 
(10 J1SecPulse) 


LED Junction 
Temperature 
110 
110 
110 
°C 


Operating 
Temperature 
Range 
-55 to +100 
-55 to +100 
-20 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 


Lead S.oldering Temperature 
2'60°C for 5 seconds 
[1.6 mm (0.063 in..) from body] 


Notes: 
1. See Figure 
5 (HER/Orange), 
10 (Yellow), or 15 (GreenlEmerald 
Green) 
to establish 
pulsed 
operating 
ronditions. 


2. For Red, Orange, 
and Green 
series 
derate 
linearly 
from 50·C at 0.5 mArC. 
For Yellow series 
derate 
linearly 
from 500C at 
0.2mAJOC. 


3. For Red, Orange, 
and Green 
series 
derate 
power linearly 
from 250C at 1.8 mW/"C. For Yellow series 
derate 
power 
linearly 
from 


500C at 1.6 mW/"C. 


4. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
that 
can be applied 
to the device without 
damaging 
the 


LED die and wirebond. 
It is not recommended 
that 
the device be operated 
at peak currents 
beyond 
the peak 
forward 
current 
listed 
in the Absolute 
Maximum 
Ratings. 


Device 
Test 
Symbol 
Description 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Luminous Intensity 
High Efficiency Red 
1300 
1.0 
5.0 
mcd 
IF= 10 mA 
1301 
2.0 
5.5 
1302 
3.0 
7.0 
1385 
, 
6.0 
10.0 


Orange 
K400 
1.0 
4.0 
K401 
2.0 
5.0 
K402 
3.0 
6.5 


Yellow 
1400 
1.0 
5.0 
1401 
2.0 
6.0 
1402 
3.0 
7.0 
1485 
6.0 
10.0 
Green 
1503 
1.0 
5.0 
1523 
2.6 
7.0 
1585 
4.0 
8.5 


Emerald Green 
K600 
1.0 
4.5 


Device 
Test 
Symbol 
Description 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Conditions 


20m 
Included Angle Between 
All 
60 
Deg. 
IF= 10mA 
Half Luminous Intensity 
See Note 1 
Points 


APEAK 
Peak Wavelength 
High Efficiency Red 
635 
nm 
Measurement 
Orange 
600 
at Peak 
Yellow 
583 
Green 
565 
Emerald Green 
558 


A.! 
Dominant Wavelength 
High Efficiency Red 
626 
nm 
See Note 2 
Orange 
602 
Yellow 
585 
Green 
569 
Emerald Green 
560 


,um 
Spectral Line Halfwidth 
High Efficiency Red 
40 
nm 
Yellow 
36 
Green 
28 
Emerald Green 
24 


'to 
Speed of Response 
High Efficiency Red 
90 
ns 
Orange 
280 
Yellow 
90 
Green 
500 
Emerald Green 
3100 


C 
Capacitance 
High Efficiency Red 
11 
pF 
VF=O; 


Orange 
4 
f= 1 MHz 
Yellow 
15 
Green 
18 
Emerald Green 
35 


ROJ-PIN 
Thermal Resistance 
All 
290 
·CIW 
Junction to 
Cathode Lead 


VF 
Forward Voltage 
HER/Orange 
1.5 
1.9 
2.4 
V 
IF= 10mA 
Yellow 
1.5 
2.0 
2.4 
Green 
1.5 
2.1 
2.7 
Emerald Green 
2.1 
2.7 


Va 
Reverse Breakdown 
All 
5.0 
V 
Ia = 100 1IA 
Voltage 


T\v 
Luminous Efficacy 
High Efficiency Red 
145 
~ 
See Note 3 
Orange 
380 
Watt 
Yellow 
500 
Green 
595 
Emerald Green 
655 


Notes: 
1. 9112 is the ofT-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant 
wavelength, 
Ad, is derived 
from the eIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
dermes the color of the device. 
3. Radiant 
intensity, 
I", in watts/steradian, 
may be found from the equation 
I,,= VTI., where Iv is the luminous 
intensity 
in 
candelas 
and TI. is the luminous 
efficacy in lumens/watt. 
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Figure 
2. Forward 
Current 
vs. 


Forward 
Voltage Characteristics. 


Figure 
5. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse Duration. 
(loe 


MAX as per MAXRatings) 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak LED Current. 
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Figure 
7. Forward 
Current 
VB. 


Forward 
Voltage Characterietics. 


Figure 
10. Maximum 
Tolerable 
Peak 


Current 
vs. Pulse Duration. 
(Inc 
MAX as per MAX Ratinge) 


Figure 
8. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
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Figure 
9. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. • 
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Figure 12.Forward Current V8. 
Forward Voltage C~eieristie8. 


Figure 15.Maximum Tolerable Peak 
Current V8.Pulse Duration. (Inc 
MAXas per MAXRatings) 
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Figure 13.Relative Luminous 
Intensity V8.Forward Current. 
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(Luminous Intensity per Unit 
Current) va. Peak LEDCurrent. 


F/iQ'W HEWLETT 
~~PACKARD 


Red Solid State T-l (3 mm) 
Lamps 


Features 
• Wide Viewing Angle 
• Small Size T-1 Diameter 
3.18 mm (0.125'') 
• IC Compatible 
• Reliable 
and Rugged 


Description 
The HLMP-lOOO is a series of 
Gallium Arsenide 
Phosphide 


Light Emitting 
Diodes designed 


for applications 
where space is 


at a premium, 
such as in high 
density 
arrays. 


t 
1.02 (.0401 


NOM. 


L 


1. 


2 


7l. 


05o'JL 
NOM. 


2.5410.100) 
NOMINAL 


The HLMP-IOOO series is 
available 
in three lens 
configurations. 


HLMP-IOOO - Red Diffused lens 
provides excellent on-off 
contrast 
ratio, high axial 
luminous 
intensity, 
and wide 
viewing angle. 


,.ij 
l" 


24.1310.951 


MIN. 


~ 


3~~:~~ 


3.30 
(.1301 
MAX. 
-TJ.73l.:.!£l 
-.---ii.23 
(.127) 


S-+-, 


1.271.0501 
'I 


NOM. 
!! 


--j 
t-- ~~,'~~~' 


HLMP-l00X Series 


HLMP-I071 
• 
HLMP-I080 
_H_LMP 
__ 
-_l_20_X_Se_n_"_es____ :'. 


HLMP-I080 
- Same as HLMP- 


1000, but untinted 
diffused to 
mask red color in the "off" 
condition. 


HLMP-I071/-1201- 
Untinted 
non-diffused 
plastic lens 


provides a point source. Useful 
when illuminating 
external 
lens, annunciators, 
or photo- 
detectors. 


NOTES: 


" 
All 
DIMENSIONS 
ARE 
IN MllliMETAES 
(INCHES). 


2. 
AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 
\.040'1 
DOWN 
THE 
lEADS. 


Iv (mcd) 
@ 20 mA 
Part 
Number 
Typical 
Viewing 
Angle 
HLMP· 
Package 
& Lens 
Type 
Min. 
Typ. 
29w 


1000 
A-Tinted 
Diffused 
0.5 
1.0 
600 


1002 
A-Tinted 
Diffused 
1.5 
2.5 
600 


1080 
A-Untinted 
Diffused 
0.5 
1.5 
600 


1071 
A-Untinted 
Non-Diffused 
1.0 
2.0 
450 


1200 
B-Untinted 
Non-Diffused 
0.5 
1.0 
550 


1201 
B-Untinted 
Non-Diffused 
1.5 
2.5 
550 


Parameter 
1000 Series 
Units 


Power Dissipation 
100 
mW 


DC Forward 
CurrentUl 
50 
mA 


Average Forward 
Current 
50 
mA 


Peak Operating 
Forward 
Current 
1000 
mA 


Reverse Voltage (lR = 100 IJA) 
5 
V 


Transient 
Forward 
Current[ll 
(10 ~ 
Pulse) 
2000 
mA 


LED Junction 
Temperature 
110 
°C 


Operating 
and Storage Temperature 
Range 
-55 to +100°C 


Lead Soldering 
Temperature 
(1.6 mm [0.063 in.] 
260°C for 5 seconds 
, 


below package base) 


Note: 
1. Derate linearly from 50·C at 0.2 mAI·C. 


Symbol 
Description 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


APEAK 
Peak Wavelength 
655 
nm 
Measurement 
at Peak 


A.J 
Dominant 
Wavelength 
648 
nm 


/);;')/2 
Spectral 
Line Halfwidth 
24 
nm 


'ts 
Speed of Response 
10 
ns 


C 
Capacitance 
100 
pF 
VF= 0, f= 1 MHz 


R6J_PIN 
Thermal 
Resistance 
290 
°CIW 
Junction 
to Cathode 
Lead 


VF 
Forward 
Voltage 
1.4 
1.6 
2.0 
V 
IF = 20mA 


VR 
Reverse Breakdown 
Voltage 
5 
V 
IR = 100 J,IA 


50 


2.25- 


< 
E .. 
2.00 
, 
z 
1.75 
~ 
30 
1.50 
~~ 
u 
1.2. 
~ 
< 
20 
1.00 
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~ 
, 
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Figure 
4. Relative 
Luminous 
Intensity 
VB. Angular 
Displacement. 


Rectangular 
Solid State 
Lamps 


Features 
• Rectangular 
Light 
Emitting 
Surface 
• Flat High Sterance 
Emitting 
Surface 
• Stackable 
on 2.54 mm 
(0.100 inch) 
Centers 
• Ideal as Flush 
Mounted 
Panel 
Indicators 
• Ideal for Backlighting 
Legends 
• Long Life: Solid State 
Reliability 
• Choice 
of 4 Bright 
Colors 
DH AS AlGaAs Red 
High Efficiency Red 
Yellow 
High Performance 
Green 
• IC CompatiblelLow 
Current 
Requirements 


Description 
The HLMP-R100, 
-030X, -040X, 
-050X are solid state lamps 
encapsulated 
in a radial 
lead 
rectangular 
epoxy package. 
They utilize a tinted, diffused 
epoxy to provide high on-off 
contrast and a flat high inten- 
sity emitting surface. Borderless 
package design allows creation 
of uninterrupted 
light emitting 
areas. 


The HLMP-R100 uses a double 
heterojunction 
(DH) absorbing 
substrate 
(AS) aluminum 
gallium arsenide (AlGaAs) red 
LED chip in a light red epoxy 
package. This combination 
produces outstanding 
light 
output over a wide range of 
drive currents. 


The HLMP-0300 and -0301 have 
a high efficiency red GaAsP on 
GaP LED chip in a light red 
epoxy package. 


The HLMP-0400 and -0401 
provide a yellow GaAsP on GaP 
LED chip in a yellow epoxy 
package. 
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HLMP-0400/0401 
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The HLMP-0503 and -0504 
provide a green GaP LED chip 
in a green epoxy package. 


'",.~,""..",Q 


29.21 
CATHODE 


2.54 (0.100) 
(1.15) 
LEAD 


2.1610.085) 
MIN. 
r-' 


1 
1.27 (0.050) 
1____ 
-.L 
NOM, 


~ 


1 


SIDE VIEW-C 2.54 
(O.lOO) 
2.29 
10.090) 


NOTES: 
1. All 
DIMENSIONS 
ARE IN MILLIMETRES 
(INCHES). 


2. AN EPOXY MENISCUS 
MAY EXTEND 
ABOUT 
1 mm (0.040") 
DOWN 
THE lEADS. 


3. THERE IS A MAXIMUM 
1° TAPER FROM 
BASE TO TOP OF LAMP. 


!v (mcd) 
@ 
20mADC 
Part 
Color 
Number 
Min. 
Typ. 


AlGaAsRed 
HLMP-R100 
3.4 
7.5 


High 
HLMP-0300 
1.0 
2.5 
Efficiency 
Red 
HLMP-0301 
2.5 
5.0 


HLMP-0400 
1.5 
2.5 
Yellow 
HLMP-0401 
3.0 
5.0 : 


High 
HLMP-0503 
1.5 
2.5 
Performance 
Green 
HLMP-0504 
3.0 
5.0 


HLMP- 
HLMP· 
HLMP- 
HLMP- 
Parameter 
R100 
03001-0301 
0400/0401 
05031-0504 
Units 


Peak Forward Current 
300 
90 
60 
90 
rnA 


Average Forward Currentl11 
20 
25 
20 
25 
rnA 


DC Currentl21 
30 
30 
20 
30 
rnA 


Power Dissipation 
87 
135 
85 
135 
mW 


Reverse Voltage (!a = 100 1lA) 
5 
5 
5 
5 
V 


Transient Forward Current[3](10 lLS Pulse) 
500 
500 
500 
500 
rnA 


Operating Temperature Range 
-20 to 
-20 to 
+100 
-55 to 
-55 to 
+100 
'C 
+100 
+'100 
Storage Temperature Range 
-55 to 
-55 to 
+100 
+100 


Lead SolderinJ Teml.erature 
260'C for 5 seconds 
(1.6 mm [0.06 in.] 
om body) 


Notes: 
1. See Figure 
5 to establish 
pulsed operating 
conditions. 


2. For AlGRAs Red, Red, and Green Series derate 
linearly 
from 5O·e at 0.5 mAI·e. For Yellow Series 
derate 
linearly 
from 50·e 
at 0.2 mAI·e. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
that can be applied 
to the device without 
damaging 
the LED die and wirebond. 
It is not recommended 
that the device be operated 
at peak current 
beyond the peak forward 
current 
listed in the Absolute 
Maximum 
Ratings. 


HLMP 
HLMP 
HLMP 
HLMP·R100 
-63001-6301 
-04001-0401 
-6503I-6SM 
Test 
Sym. 
Description 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit. 
Conditiona 


29111 
Included Angle 
Between Half 
Luminous 
100 
100 
100 
100 
Deg. 
Note 1.Fig. 6 
Intensity 
Points 


A,. 
Peak 
645 
635 
583 
565 
nm 
Measurement 
Wavelength 
at Peak 


~d 
Dominant 
637 
626 
585 
569 
nm 
Note 2 
Wavelength 


Mill 
Spectral Line 
20 
40 
36 
28 
nm 
Halfwidth 


't, 
Speed of 
30 
90 
90 
500 
ns 
Response 


C 
Capacitance 
30 
16 
18 
18 
pF 
V.=O; 
f=lMHz 


R9•....,. Thermal 
260 
260 
260 
260 
"CIW 
Junction to 
Resistance 
Cathode Lead 


V. 
Forward 
1.8 
2.2 
1.9 
2.6 
2.1 
2.6 
2.2 
3.0 
V 
~=20mA 
Voltage 
·gure 2. 


V. 
Reverse 
5.0 
5.0 
5.0 
5.0 
V 
I. = 100IlA 
Breakdown 
Voltage 


11. 
Luminous 
80 
145 
500 
595 
lmIW 
Note 3 
Efficacy 


Notes: 
1. 9 
is the ofT-axisangle at which the luminous intensity is half the axial luminous intensity. 
2. ~e 
dominant wavelength, ~.' is derived fromthe CIE chromaticity diagram and represents the single wavelength which 
defInes the colorof the device. 
3. Radiant intensity, It' in watts/steradian, may be found fromthe equation I. = 1/11•• where I. is the luminous intensity in 
candelas and 11. is the luminous efficacyin lumens/watt. 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage. 
V. (300 IDA)for 
AlGaAs Red .2.6 
Volts Typical. 


Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
va. Peak 
Current. 
fly (300 
IDA)for AlGaAs Red • 0.7. 


Figure 
5. Maximum 
Tolerable 
Peak 
Current 
va. Peak 
Duration 
(I•• &~~ 
Determined 
from Temperature 
Derated 
Iuc MAX). 


Figure 
S. Relative 
Luminous 
Intensity 
va. Angular 
Displacement. 


2 mm x 5 mm Rectangular 
Lamps 


Features 
• Rectangular 
Light 
Emitting 
Surface 
• Excellent 
for Flush 
Mounting 
on Panels 
• Choice of Five Bright 
Colors 
• Long Life: Solid State 
Reliability 
• Excellent 
Uniformity 
of 
Light Output 


Description 
The HLMP-8100, -8200, -8300, 
-8400, -8500, 8600 are epoxy 
encapsulated 
lamps in 
rectangular 
packages which are 
easily stacked in arrays or used 
for discrete front panel 
indicators. Contrast 
and light 
uniformity are enhanced by a 
special epoxy diffusion and 
tinting process. 


The HLMP-8100 uses double 
heterojunction 
(DH) absorbing 
substrate 
(AS) aluminum 
gallium arsenide 
(AlGaAs) 
LEDs to produce outstanding 
light output over a wide range 
of drive currents. 


5.'8 (0.2041 
5.46(0.2151 
r- 4.93imil 
~ 
4.95 i0.1051 
11-, 


T 
--t"'=CATHojE 
LEAD 


1--25.40 
('.001 MIN. 


127 
(0.0601 
NOMINAL 


l=1 
L ~.2310.088) 
, .98 ro.offi 


---l 
I 
Ii 


~2.4' 
(0.0951 


SIDE VIEW 
2.03 (0.085) 


NOTES: 
1. ALL 
DIMENSIONS 
ARE IN MilLIMETERS 
(INCHES) 


2. AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
1 mm 10.040") 
DOWN 
THE 
lEADS. 


3. THERE 
IS A MAXIMUM 
,0 TAPER 
FROM 


BASE 
TO THE 
TOP OF LAMP. 
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HLMP-SlOO 
HLMP·S20X Series 
HLMP·S30X Series 
HLMP·S40X Series 
HLMP·S50X Series 
~HLMP.S600 
I 


Sym. 
Description 
Device 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Iy 
Luminous 
AlGaAs 
Red 
mcd 
Ir=20mA 
Intensity 
S100 
3.6 
7.5 
High Efficiency Red 
200 
2.1 
3.5 
S201 
3.4 
4.8 
Orange 
S400 
2.1 
3.5 
S401 
3.4 
4.8 
Yellow 
S300 
1.4 
2.1 
S301 
2.2 
3.5 
Green 
S500 
2.6 
4.0 
S501 
4.1 
5.8 
Emerald 
Green 
S600[4] 
1.0 
3.0 


26m 
Included 
AnnIe 
All 
110 
Deg. 
Ir = 20 mA 
Between 
Ha f 
See Note 1 
Luminous 
Intensity 
Points 


APEAK 
Peak Wavelength 
AlGaAsRed 
645 
nm 
Measurement 
at 
High Efficiency Red 
635 
Peak 
Orange 
600 
Yellow 
583 
Green 
565 
Emerald 
Green 
558 


A.i 
Dominant 
AlGaAsRed 
637 
nm 
See Note 2 
Wavelength 
High Efficiency Red 
626 
Time const, e-""" 
Orange 
602 
Yellow 
585 
Green 
569 
I 


Emerald 
Green 
560 


'fa 
Speed of 
AlGaAs Red 
30 
ns 
Response 
High Efficiency Red 
90 
Orange 
280 
Yellow 
90 
Green 
500 
Emerald 
Green 
3100 


C 
Capacitance 
AlGaAs Red 
30 
pF 
Vr = 0; f= 1 MHz 
High Efficiency Red 
11 
Orange 
4 
Yellow 
15 
Green 
18 
Emerald 
Green 
35 


R6J_pI!'i Thermal 
All 
260 
°C/W 
Junction 
to Cathode 
Resistance 
Lead at Seating 
Plane 


Vr 
Forward 
Voltage 
AlGaAsRed 
1.6 
1.8 
2.2 
V 
Ir=20mA 
HER/Orange 
1.5 
1.9 
2.6 
Yellow 
1.5 
2.1 
2.6 
GreenlEmerald 
1.5 
2.2 
3.0 
Green 


VR 
Reverse Break- 
All 
5.0 
V 
IR = 100 IJA 
down Voltage 


Sym. 
Description 
Device 
HLMP· 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


l1v 
Luminous 
AlGaAsRed 
80 
Efficacy 
High Efficiency Red 
145 
Orange 
380 
lumens.' 
See Note 3 
Yellow 
500 
watt 
Green 
595 
Emerald Green 
656 


Notes: 
1. em is the ofT-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 
2. The dominant 
wavelength, 
A.., is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
defines the color of the device. 


3. Radiant 
intensity, 
I, in wattalsteradian, 
may be found from the equation 
I. = IJ'l.> where I. is the luminous 
intensity 
in 
candelas 
and '1. is tf.:e luminous 
efficacy in lumens/watt. 


4. Please 
refer to Application 
Note 1061 for information 
comparing 
standard 
green 
and emerald 
green light output 
degradation. I 


Green! 
AlGaAs 
High Efficiency 
Emerald 
Parameter 
, 
Red 
Red/Orange 
Yellow 
Green 
Units 


Peak Forward Current 
300 
90 
60 
90 
mA 


Average Forward Currentl1] 
20 
25 
20 
25 
mA 


DC Currentl'] 
30 
30 
20 
30 
mA 


Transient 
Forward Currentl3] 
500 
mA 
(10 ~sec Pulse) 


LED Junction Temperature 
110 
110 
110 
110 
°C 


Operating Temperature 
Range 
-20 to +100 
-20 to +100 
-55 to +100 
-55 to +100 
°C 
Storage Temperature 
Range 
-55 to +100 
-55 to +100 


Lead Soldering Temperature 
[1.6 mm (0.063 in.) below 
260°C for 5 seconds 
seating plane] 


Notes: 
1. See Figure 
5 to establish 
pulsed operating 
conditions. 
2. For AlGaAs Red, Red, Orange, 
and Green series derate 
linearly 
from 5O"C at 0.5 mArC. 
For Yellow series derate 
linearly 
from 
5O"C at 0.34 mA/"C. 


3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
that 
can be applied to the device without 
damaging 
the 
LED die and wire bond. It is not recommended 
that 
the device be operated 
at peak currents 
beyond the peak forward 
current 
listed in the Absolute 
Maximum 
Ratings. 
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Ftcure 2. Forward Current v•• 
Forward Voltece Characteristic ••Vp 
(300mA)lor AlGaAsRed. 
2.8Volta 
Typical. 


Ftcure 3. Relative Luminous 
Intensity v•• DCForward Current. 


Ftcure 5. Maximum Tolerable Peak Current va. Peak Duration. 
(IPIWtMAXDetermined from Temperature 
Derated IDeMAX) 
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Ftcure 4. Relative Etriciency 
(Luminous Intensity per Unit 
Current) v•• LED Peak Current. tlv 
(300mA)lor AlGaAsRed. 
0.7. 


Subminiature 
Solid State 


Lamps 


Features 
• Subminiature 
Flat Top 
Package 
Ideal for Backlighting and 
Light Piping Applications 
• Subminiature 
Dome 
Package 
Diffused Dome for Wide 
Viewing Angle 
Nondiffused Dome for High 
Brightness 
• Arrays 
• TTL and LSTTL 
Compatible 
5 Volt Resistor 
Lamps 
• Available in Six Colors 
• Ideal for Space Limited 
Applications 
• Axial Leads 
• Available with Lead 
Configurations 
for Surface 
Mount and Through Hole 
PC Board Mounting 


Description 
Flat Top Package 
The HLMP-PXXX Series flat top 
lamps use an untinted, 
non- 
diffused, truncated 
lens to 
provide a wide radiation pattern 
that is necessary for use in 
backlighting 
applications. The 
flat top lamps are also ideal for 
use as emitters in light pipe 
applications. 


Dome Packages 
The HLMP-6XXX Series dome 
lamps for use as indicators use a 
tinted, diffused lens to provide a 
wide viewing angle with a high 
on-off contrast ratio. High 
brightness 
lamps use an 
untinted, 
nondiffused lens to 
provide a high luminous 
intensity within a narrow 
radiation pattern. 


Arrays 
The HLMP-66XX Series 
subminiature 
lamp arrays are 
available in lengths of 3 to 8 
elements per array. The 
luminous intensity is matched 
within an array to assure a 2.1 
to 1.0 ratio. 


Resistor Lamps 
The HLMP-6XXX Series 5 volt 
subminiature 
lamps with built 
in current limiting resistors are 
for use in applications where 
space is at a premium. 


Lead Configurations 
All of these devices are made by 
encapsulating 
LED chips on 
axial lead frames to form molded 
epoxy subminiature 
lamp 
packages. A variety of package 
configuration options is avail- 
able. These include special sur- 
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HLMP·PXXX Series I 
HLMP-QIXX Series 
HLMP-6XXX Series 
. 
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face mount lead configurations, 
gull wing, yoke lead or Z-bend. 
Right angle lead bends at 2.54 
mm (0.100 inch) and 5.08 mm 
(0.200 inch) center spacing are 
available for through hole 
mounting. For more information 
refer to Subminiature 
Solid 
State Lamps Standard 
Options 
data sheet. 


Device Selection Guide 
Part Number: 
HLMP·XXXX 


DHAS 
High 
High 
- 
-~ 
Device 
Standard 
AlGaAs 
Efficiency 
Perf. 
Emerald 
Outline 
Red 
Red 
Red 
Orange 
Yellow 
Green 
Green 
Device 
Description(1) 
Drawing 


P005 
PI05 
P205 
P405 
P305 
P505 
P605 
Nondiffused, 
Flat Top 
A 


P002 
PI02 
P202 
P402 
P302 
P502 
Diffused, Flat Top 
B 


600016001 
QIOI 
6300 
Q400 
6400 
6500 
Q600 
Diffused 


QI05 
6305 
6405 
6505 
Nondiffused, 
High 
Brightness 


Q150 
7000 
7019 
7040 
Diffused, Low Current 
B 


Q155 
Nondiffused, 
Low 
, 
Current 


6600 
6700 
6800 
Diffused, Resistor, 5 V, 
10mA 


6620 
6720 
6820 
Diffused, Resistor, 
5 V, 


4mA 


6203 
6653 
6753 
6853 
3 Element 
Matched 


6204 
6654 
6754 
6854 
4 Element 
Array, 
Diffused 
6205 
6655 
6755 
6855 
5 Element 
C 


6206 
6656 
6756 
6856 
6 Element 


6208 
6658 
6758 
6858 
8 Element 


Package Dimensions 


(A) Flat Top Lamps 


114 (0045) 
0.58~ 
t'.~];~=======,_~_'43_r7) 


0.18 (0.007)'H 
0.23 (0.009) 
~:~~~ 
81 


'.91 
(0.075) 


~L(0095) 


ATHODE 


STRIPE 
2.08 (0.082) 
2.34 (0.092) 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 


2. PRomUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
lEAD. 


Package Dimensions (cont.) 


(B) Diffused and Nondiffused 


0.18 (0.007) 
0.23 (0.009) 
1 


2.03 (0.080) 
1.78 (0.070) 
1= 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 
2. PROTRUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
LEAD. 


l 
T 


0.63 
(0.025) 


0.38 (0.Ot5) 


0.63 (0.025) 
0.38 (0.015) 


• 
=!--r 
r 
0.79 (0.031) 
0.53 (0.021) 


-r- 


11.48 (0.452) 
11.18 (0.440) 
~-r 


N [2.54 (0.100») MAX. 
_I 


NOTE 
2 
~ 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETERS 
(INCHES). 
2. PROTRUDING 
SUPPORT 
TAB IS CONNECTED 
TO CATHODE 
LEAD. 


DHAS 
High 
High 
Standard 
AlGsAs 
Eff. 
Perf. 
Emerald 
Parameter 
Red 
Red 
Red 
Orange 
Yellow 
Green 
Green 
Unit. 


DC Forward 
Currentl1J 
50 
30 
30 
30 
20 
30 
30 
mA 


Peak Forward 
Current[2J 
1000 
300 
90 
90 
60 
90 
90 
mA 


DC Forward 
Voltage 
6 
6 
6 
6 
V 
(Resistor 
Lamps 
Only) 


Reverse 
Voltage 
(la = 100 1lA) 
5 
5 
5 
5 
5 
5 
5 
V 


Transient 
Forward 
Current[3J 
2000 
500 
500 
500 
500 
500 
500 
mA 
(10 
IJ.8 Pulse) 
; 


Operating 
Temperature 
Range: 
-55 to 
-55 to 
-55 to +100 
-40 to 
-20 to 
Non-Resistor 
Lamps 
+100 
+100 
+100 
+100 
·C 
Resistor 
Lamps 
-40 to +85 
-20 to 
+85 


Storage 
Temperature 
Range 
-55 to +100 
·C 


Wave Soldering 
Temperature 
260·C for 5 Seconds 
[1.6 mm (0.063 in.) from body] 


Surface 
Mount Reflow 
Soldering: 
Convective 
IR 
- 
235·C for 90 Seconds 
.. 


Vapor Phase 


, 


215·C for 3 Minutes 


'" 
I 
. 


Notes: 
1. See Figure 5 for current 
derating 
VS. ambient 
temperature. 
Derating 
is not applicable to resistor 
tamps. 


2. Refer to Figure 6 showing Max. Tolerable Peak Current 
VB. Pulse Duration 
to establish 
pulsed "operating conditions. 
3. The transient 
peak current 
is the maximum 
non-recurring 
peak current 
the device can withstand 
without 
failure. Do not 
operate 
these lamps at this high current. 


Electrical/Optical 
Characteristics, 
TA = 25°C 


Standard 
Red 


Device 
BLMP· 
Parameter 
S~bol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


POO5 
1.0 
2.5 


6000 
0.5 
1.2 


6001 
Luminous 
Intensitylll 
Iv 
1.3 
3.2 
mcd 
Ip= 10 mA 


6203 to 
0.5 
1.2 
6208 


Forward 
Voltage 
Vp 
1.4 
1.6 
2.0 
V 
Ip = 10 mA 


,- 


All 
Reverse Breakdown 
VR 
5.0 
12.0 
V 
IR = 100~ 
Voltage 


P005 
Included'Angle 
Between 
125 
. 


Half Intensity 
Points(2) 
29m 
Deg. 
All 
90 
Others 


Peak Wavelength 
~ 
655 
nm 


Dominant 
Wavelength[31 
Ad 
640 
nm 


Spectral 
Line Half Width 
~A,12 
24 
nm 
r 


All 
Speed of Response 
't, 
15 
ns 


Capacitance 
C 
100 
pF 
Vp = O;f= 
1 MHz 


Thermal 
Resistance 
R9J.PIN 
170 
°CIW 
Junction-to-Cathode 
Lead 


Luminous 
Efficacyl4J 
'I1v 
65 
ImIW 


• 


Device 
In.MP- 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


P102 
4.0 
20.0 


P105 
8.6 
30.0 


Q101 
22.0 
45.0 
IF = 20mA 


Q105 
Luminous 
Intensity 
I. 
22.0 
55.0 
mcd 


Q150 
1.0 
1.8 
IF = 1 mA 
Q155 
2.0 
4.0 


Q101 
1.8 
2.2 
IF = 20 mA 
P105lQ105 
Forward 
Voltage 
VF 
1.8 
2.2 
V 


Q150/Q155 
1.6 
1.8 
IF = 1 mA 


All 
Reverse Breakdown 
Va 
5.0 
15.0 
V 
la = 100 jlA 
Voltage 


P105 
125 


Q10l/Q150 
Included 
Angle Between 
21\0./ 
90 
Deg. 


Q105/Q155 
Half Intensity 
Pointsl2l 
28 


Peak Wavelength 
A.,.EAK 
645 
nm 
Measured 
at Peak 


Dominant 
Wavelengthl3J 
Ad 
637 
nm 


Spectral 
Line Half Width 
~AIJ2 
20 
nm 


All 
Speed of Response 
'to 
30 
ns 
Exponential 
Time 
Constant; 
e·Vt• 


Capacitance 
C 
30 
pF 
VF= 0; f = 1 MHz 


Thermal 
Resistance 
R9J.PIN 
170 
°C/W 
Junction-to 
Cathode 
Lead 


Luminous 
Efficacyl4l 
'11. 
, 
80 
lm/W 


Device 
HLMP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


P202 
1.0 
5.0 


P205 
1.0 
5.0 


6300 
1.0 
3.0 
IF = 10 mA 


6305 
1- 
304 
12.0 


7000 
Luminous 
Intensitylll 
- 
I. 
004 
0.8 
mcd 
IF=2mA 


6600 
1.3 
5.0 
VF= 5.0 Volts 


6620 
0.8 
2.0 


6653 to 
1.0 
3.0 
IF = 10mA 
6658 


All 
Forward 
Voltage 
V· 
1.5 
1.8 
3.0 
V 
IF = 10 mA 
F 
(Nonresistor 
Lamps) 


6600 
Forward 
Current 
9.6 
13.0 
(Resistor 
Lamps) 
IF 
mA 
VF=5.0V 
6620 
3.5 
5.0 


All 
Reverse Breakdown 
Va 
5.0 
30.0 
V 
Ia = 100 llA 
Voltage 


P205 
125 


6305 
Included 
Angle Between 
29lJ2 
28 
Peg. 


Half Intensity 
Points[2] 
All 
90 
Diffused 


Pe;;lk Wavelength 
A"EAK 
635 
nm 
Measured 
at Peak 


Dominant 
Wavelength[31 
Ad 
626 
nm 


Spectral 
Line Half Width 
~~f.! 
40 
nm 


All 
Speed of Response 
t. 
90 
ns 


Capacitance 
C 
11 
pF 
VF= 0; f= 1 MHz 


Thermal 
Resistance 
R9J_PIN 
170 
°CIW 
Junction-to-Cathode 
Lead 


Luminous 
Efficacyl4] 
11. 
145 
ImIW 


I 


Device 
HLMP- 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


P402 
1.0 
4.0 


P405 
Luminous 
Intensity 
I. 
1.0 
4.0 
mcd 
IF = 10 mA 


Q400 
1.0 
3.0 


Forward 
Voltage 
VF 
1.5 
1.9 
3.0 
V 
IF = 10 mA 


Reverse Breakdown 
VR 
5.0 
30.0 
V 
IR = 100 J.1A 


Voltage 
. 


P405 
Included 
Angle Between 
125 
Half Intensity 
Points[2J 
29'12 
Deg. 
Q400 
90 


Peak Wavelength 
A"EAK 
600 
nm 


Dominant 
Wavelength[3J 
Ad 
602 
nm 
Measured 
at Peak 


P4051 
Spectral 
Line Half Width 
~A,12 
40 
nm 


Q400 
Speed of Response 
t. 
260 
ns 


Capacitance 
C 
4 
pF 
VF = 0; f= 1 MHz 


• 
Thermal 
Resistance 
R9J_PlN 
170 
°CIW 
Junction-to-Cathode 
Lead 


Luminous 
Efficacy4] 
11. 
380 
ImIW 


Device 
HLMP- 
Parameter 


, 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


P302 
1.0 
3.0 


P305 
1.0 
4.0 
I, = 10mA 
6400 
1.0 
3.0 


6405 
Luminous 
Intensityll] 
I. 
3.6 
12 
mcd 


7019 
0.4 
0.6 
I,=2mA 


6700 
1.4 
5.0 
V, = 5.0 Volts 


6720 
0.9 
2.0 


6753 to 
1.0 
3.0 
1,= 10mA 
6758 


All 
Forward 
Voltage 
V, 
2.0 
2.4 
V 
I, = lOmA 
(Nonresistor 
Lamps) 


6700 
9.6 
13.0 
Forward 
Current 
I, 
mA 
V,=5.0V 
6720 
(Resistor 
Lamps) 
3.5 
5.0 


All 
Reverse Breakdown 
Va 
5.0 
50.0 
V 
Voltage 


P305 
125 


6405 
Included 
Angle Between 
29112 
28 
Deg. 
Half Intensity 
Points[2J 
All 
90 
Diffused 


Peak Wavelength 
~ 
583 
nm 
Measured 
at Peak 


Dominant 
Wavelength[3J 
A. 


d 
585 
nm 


Spectral 
Line Half Width 
,u1l2 
36 
nm 


All 
Speed of Response 
'to 
90 
ns 


Capacitance 
C 
15 
pF 
V, = 0; f = 1 MHz 


Thermal 
Resistance 
R9J.PIN 
170 
°CIW 
Junction-to-Cathode 
Lead 


Luminous 
Efficacyl4] 
11. 
500 
ImIW 


I 


Device 
HLMP- 
Parameter 
Symbol 
Min. Typ. 
Max. Units 
Test Conditions 


P502 
1.0 
6.0 


P505 
1.0 
5.0 


6500 
1.0 
3.0 
Ip= lOmA 


6505 
4.2 
12.0 


7040 
Luminous 
IntensitY'lI 
I. 
004 
0.6 
mcd 
Ip=2mA 


6800 
1.6 
5.0 
Vp = 5.0 Volts 


6820 
0.8 
2.0 


6853 to 
1.0 
3.0 
Ip = 10 mA 


6858 


All 
Forward 
Voltage 
Vp 
2.1 
2.7 
V 
Ip = 10 mA 
(Nonresistor 
Lamps) 


6800 
9.6 
13.0 
Forward 
Current 
IF 
mA 
VF=5.0V 
6820 
(Resistor 
Lamps) 
3.5 
5.0 


All 
Reverse Breakdown 
VR 
5.0 
50.0 
V 
IR = 100 JlA 
Voltage 


P505 
125 


6505 
Included 
Angle Between 
201/2 
28 
Deg. 


Half Intensity 
Points[2J 
All 
90 
Diffused 


Peak Wavelength 
AnAK 
565 
nm 
, 


Dominant 
Wavelength[3] 
Ad 
569 
nm 


Spectral 
Line Half Width 
MI/2 
28 
nm 


All 
Speed of Response 
t, 
500 
ns 


Capacitance 
C 
18 
pF 
VF= 0; f= 1 MHz 


Thermal 
Resistance 
ROJ_PIN 
170 
°CIW 
Junction-to-Cathode 
Lead 


Luminous 
EfficacY"] 
11. 
595 
ImIW 


Notes: 
1. The luminous 
intensity 
for arrays 
is tested 
to assure 
a 2.1 to 1.0 matching 
between 
elements. 
The average 
luminous 
intensity 


for an array 
determines 
its light output 
category 
bin. Arrays 
are binned 
for luminous 
intensity 
to allow I.. matching 
between 
arrays. 


2. 914 is the ofT-axis angle where the luminous 
intensity 
is half the on·axis value. 


3. Dominant 
wavelength, 
A., is derived 
from the CIE Chromaticity 
Diagram 
and represents 
the single wavelength 
that 
defines the 


color of the device. 
4. Radiant 
intensity, 
I., in watts/steradian, 
may be calculated 
from the equation 
I. =IjTl., where I. is the luminous 
intensity 
in 
candelas 
and T1.is the luminous 
efficacy in lumens/watt. 


tp/' 


11 Emerald 
GreenllJ 


Device 
HLMP- 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


P605 
Luminous 
Intensity 
Iv 
1.0 
1.5 
mcd 
IF = 10mA 


Q600 
1.0 
1.5 


Forward 
Voltage 
VF 
2,0 
3.0 
V 
IF= lOmA 


Reverse Breakdown 
Va 
5.0 
V 
Ia= 100~ 
Voltage 


P605 
Included 
Angle Between 
125 
Half Intensity 
Pointsl21 
2El1fl 
Deg. 
Q600 
90 


Peak Wavelength 
ApEAK 
558 
nm 


Dominant 
Wavelengthl3J 
Ad 
560 
nm 
Measured 
at Peak 


P6051 
Spectral 
Line Half Width 
~~fl 
24 
nm 


Q600 
Speed of Response 
'to 
3100 
ns 


Capacitance 
C 
35 
pF 
VF= 0; f= 1 MHz 


Thermal 
Resistance 
RElJ.PIN 
170 
°C/W 
Junction-to-Cathode 
Lead 


Luminous 
Efficacyl4] 
l1v 
656 
lm/W 


Note: 
1. Please 
refer to Application 
Note 1061 for information 
comparing 
stnadard 
green and emerald 
green light ouptut 
degradation. 
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High Efficiency Red, Orange, 
Yellow, and High 
Performance Green 


300.0 
200.0 


c{ 100.0 


~ 
SO.O 
~ 
z 
20.0 
~ 
a: 
10.0 
a 
~ 
5.0 


~ 
2.0 


~ 
1.0 


I 
I 
STD.RE'O/ 
/ 
i 
I 
I 


IOH AIG.A, 
RED 


I 
I 


/ 
I 
I 
I 
I 


'00 


c 
80 


E,i 
60 
"" 
0~ 
40 
c~ 
f2, 
20 


HIGH 
PERFORMANCE 
I I I 
- 
GREEN, 
Iii 
I I 
EMERALD 
GREEN 


, !ltIGH1 
I 


EFFlCIENCY 
REDIORANGE 
I I 
I 


'I -- YELLOW 
/il 
/I 


I' 


0.2 


0.1 o 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 


so 


>~ 
4.0 
~~ 
~ 


3.0 


~ 
2.0 
> 
~ 
1.0 


I 
I 
./ 


STD. RED V 


! 
I 
/ 
./ --1 


/ 
./OH 
AS AIGaAs RED 


./I/! 
I 
I 
I 
IT- 


Low Current 


4.0 


> 
3.5 
~ 


~ 


..• 
3.0 
E 
0 
~ 
2.5 
"~ 
~ 


2.0 
~ 
:::;..• 
1.5 
> 
~ 


g 


0 
1.0 
;;. 


0.5 


HER, Orange, Yellow, 


High Performance Green, 


and Emerald Green 
/ 
/ 
/ 


/ 
/ 
/ 
/ 
./ 


•...... 


/ 


0 


C( 1.20 
~~. 


~ 
1.10 
~~ 


~ 
1.00 


I.' 


'.0 
> 


ffi 
~ 


0.8 


> 
0.• 


~ 
0.4 
, 


0.' 


~ 
........ 


,.. 


> 
1.4 
~ 
!!! 
~ 
I.' 
~ 
i= 
g 
'.0 
,~ 
r 
0.8 
~ 


HER, Orange, Yellow, 
High Performance 
Green, 
and Emerald Green 


YELLOW 
i.>' 
EMERALD 
GREEN 
~ 
~ 
•...... 
HIGHEFACIENCY_ 
J. '/. 
RED/ORANGE 


lIIJ 
HIGH 


PERFORMANCE 


GREEN 
I 
II 


50 


4' 
1 
40 
, 
35 
~~ 
30 


u 
25 
e~ 
20 
~ " 
10 
-" 


I 
I 
I 
I 
\~R9JrT 
R9 
J_A(1) 
~ 


I 
I 
I\. 
R9 J •.•. (4) 


I 
I 
K 


ReJ.A(3)~ 
.~ , 


I 
I 
I"\. '~\' 


I 
I 
'" 
, 


RS J-A (5) 
, 


I 
I 
I'.:s 


I 
I 


9J.A{X 
STo 
AIGaAs 
HI·EFF 


RED 
RED 
RED 
ORANGE 
YElLOW 
GREEN 
UNITS 


1 
600 
'CIW 


LED 
, 
400 
JUNCTION 


3 
••• 
444 
444 
4TO 
444 
TO 
AMBIENT 


4 
559 
'96 
'96 
'96 
, 
TOS 


Figure 
5. Maximum 
Forward 
dc Current 
VB.Ambient 
Temperature. 
Derating 
Based 
on TJ MAX. 
1l0"C 
(Non-Resistor 
Lamps). 
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Figure 
8. Maximum 
Tolerable 
Peak 
Current 
VB.Pulse 
Duration. 
(1,,0 MAX B8 per MAX Ratings) 
(Non-Resistor 
LampB). 
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Figure 
7. Resistor 
Lamp Forward 
Current 
VB. Forward 
Voltace. 
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Figure 
8. Resistor 
Lamp Luminous 
Intensity 
VB. 


Forward 
Voltage. 


rhO' HEWLETT 
IU'...1 
PACKARD 


High Efficiency Red! 
High Performance 
Green 
Bicolor Solid State Lamps 


Features: 
• Two Color (Red, Green) 


Operation 
• (Other Two LED Color 
Combinations 
Available) 


• Three Leads with One 
Common Cathode 
• Diffused, Wide Visibility 


Lens 


Description 
The T-l 3/4 HLMP-4000 and 
2 mm by 5 mm rectangular 
HLMP-0800 are three leaded 
bicolor light sources designed 
for a variety of applications 
where dual state illumination 
is 
required in the same package. 
There are two LED chips, high 
efficiency red (HER), and high 
performance green (Green), 
mounted on a central common 
cathode lead for maximum on- 
axis viewability. Colors between 


HER and Green can be 
generated by independently 
pulse width modulating the 
LED chips. 


Package Dimensions 


HLMP-4000 


I 
25.40 
(l.oo) 
MIN. 


1.27 ~~~O)I 
NLL 


9.19 
10.362) 


8.43 
10.332) 


{L- 


0.64 (0.025) 


COMMON 
CATHODE 


r 
6.1010.240) 
5.59 
(0.220)l 


HLMP-4000 
I 
_H_LM_P_"_08_00 
:: 


2.23 
(0.0881 
po 07.1 
1_'--~'-r::~~ 
:g:~:: 
T~ 


8.00 
10.316) 


~ 
25.40 (1.001 
COMMON 


. 
Ml'N""I+lI-_c:,T:o:~:0201 


~ 
SOTYP, 


,'2710.r:::--=r 
1-+-',2~~;.\'501 


SIOEVI:'NUM 
--l 
1--2.5410.'001 


NOM 


r 
2.41 
(O.09S) 


2.03 
(0.085) 


5.46 
(0.215) 


4.98 
10.196) 


~ 


JOifGREENANODE 


RED 
51 
ANODE 
\ 


(SHORT 
lEAD) 
COMMON 
CATHODE 


NOTES: 
1. All 
DIMENSIONS ARE IN MILLIMETRES 
(INCHES). 


2. AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
1 mm 


(0.040") 
DOWN THE 
LEADS. 


High 
Efficiency 
Parameter 
Red/Green 
Units 


Peak Forward 
Current 
90 
mA 


Average Forward 
CurrentU•2] (Total) 
25 
mA 


DC Current[2.4] (Total) 
30 
mA 


Power Dissipation[3.5] (Total) 
135 
mW 


Operating 
Temperature 
Range 
-20 to +85 
°C 
Storage Temperature 
Range 
-55 to +100 


Reverse Voltage 
(lR = 100~) 
5 
V 


Transient 
Forward 
Current[6] 
500 
mA 
(10 Ilsec Pulse) 


Lead Soldering 
Temperature 
[1.6 mm (0.063 in.) below 
260°C for 5 seconds 
seating plane] 


Notes: 
1. See Figure 
5 to establish 
pulsed operating 
conditions. 
2. The combined 
simultaneous 
current 
must not exceed the maximum. 


3. The combined 
simultaneous 
power must not exceed the maximum. 


4. For HER and Green derate 
linearly 
from 50°C at 0.5 mA/"C. 


5. For HER and Green derate 
linearly 
from 25°C at 1.8 mW/"C. 


6. The transient 
peak current 
is the maximum 
non.recurring 
current 
that can be 
applied 
to the device without 
damaging 
the LED die and wirebond. 
It is not 
recommended 
that 
the device be operated 
at peak currents 
beyond the peak 
forward 
current 
listed 
in the Absolute 
Maximum 
Ratings. 


Red 
Green 
Test 
Sym. 
Parameter 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv 
Luminous 
Intensity 
HLMP-4000 
2.1 
5 
4.2 
8 
mcd 
IF = 10mA 


HLMP-0800 
2.1 
3.5 
2.6 
4.0 
IF=20mA 


A"EAK 
Peak Wavelength 
635 
565 
nm 


Ad 
Dominant 
626 
569 
Wavelength[l] 


t. 
Speed of Response 
90 
500 
ns 


C 
Capacitance 
11 
18 
pF 
VF= 0, f = 1 MHz 


VF 
Forward 
Voltage 
1.9 
2.4 
2.1 
2.7 
V 
IF = 10 mA 


VR 
Reverse Breakdown 
5 
5 
V 
IR = 100 JJ,A 
Voltage 


R9J.PIN 
Thermal 
Resistance 
260 
260 
°CIW 
Junction 
to 
Cathode 
Lead 


Included 
Angle 
Between 
Half 
Luminous 


29112 
Intensity 
Points(2) 


HLMP-4000 
65 
65 
IF = 10 mA 
Deg. 
HLMP-0800 
100 
100 
IF = 20 mA 


1lv 
Luminous 
Efficacyl3] 
145 
595 
Lumen! 
Watt 


Notes: 
1. The dominant 
wavelength, '-0' is derived from the eIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
defmes the color of the device. 


2.91/. is the off-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


3. Radiant 
intensity, 
I., in watts steradian, 
may be found from the equation I. = !/'l. where I. is the luminous 
intensity 
in 
candelas 
and 1'\. is the luminous 
efficacy in lumens/watt. 
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Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage 
Characteristics. 


Figure 
5. Ma:Jdmum Tolerable 
Peak 
Current 


VB. Pulse Duration. 
<I"c MAX as per MAX 
Ratings 


Figure 
3. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current 
.. 
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Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak 
LED Current. 


Figure 
6. Relative 
Luminous 
Intensity 
vs. Angular 


Displacement 
for the HLMP·4000. 


Figure 
7. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement 
for the HLMP·0800. 


FliP'W HEWLETT 
~~PACKARD 


Integrated 
Resistor Lamps 
5 Volt and 12Volt in T-l and 
T-13/4Packages 


Features 
• Integral 
Current 
Limiting 
Resistor 
• TrL Compatible 
Requires no External Current 
Limiter with 5 Volt!12 Volt 
Supply 
• Cost Effective 
Saves Space and Resistor Cost 
• Wide Viewing Angle 
• Available 
in All Colors 
Red, High Efficiency Red, 
Yellow, and High Performance 
Green in T-1 and 
T-1% Packages 


".:ciM05O,rTl 


--..J 
I- 2.S410.100lNOMINAl 


Description 
The 5 volt and 12 volt series 
lamps contain an integral cur- 
rent limiting resistor in series 
with the LED. This allows the 
lamp to be driven from a 5 volt! 
12 volt source without an 
external current limiter. The 
red LEDs are made from GaAsP 
on a GaAs substrate. 
The High 
Efficiency Red and Yellow 
devices use GaAsP on a GaP 
substrate. 


The green devices use GaP on a 
GaP substrate. 
The diffused 
lamps provide a wide off-axis 
viewing angle. 


j 


5.08 (.2001 


•. 
m(180) 


~ 


-- 
r 
I 
~l 
6.11.2401 


'1/ 
5.6 
(.2201 
"- 
CATHODE 


- 
2.54 
1.100) NOM. 


HLMP.ll00, 
HLMP·1120 
HLMP·1600, 
HLMP·1601 
HLMP.1620, 
HLMP·1621 
HLMP·1640, 
HLMP·1641 
HLMP·3105, 
HLMP·3112 
HLMP·3600, 
HLMP·3601 
• 
HLMP·3650, 
HLMP·3651 
_H_LMP 
__ 
._3_68_0_,_H_LMP 
__ 
._3_68_1 
__ 
, ~.. 


The T-P/.lamps 
are provided 
with sturdy leads suitable for 
wire wrap applications. The 
T-P/. lamps may be front panel 
mounted by using the HLMP- 
0103 clip and ring. 


9.19 (.3621 
Wl.3321 
1 


NOTES; 
1. ALL DIMENSIONS 
ARE IN MllllMETRES 
llNCHES). 


2. AN EPOXY MENISCUS MAY 
EXTEND 
ABOUT 
lmm 


(.040") 
DOWN THE LEADS~ 


Part 
Ivmcd 
Number 
Operating 
Package 
Color 
HLMP- 
Package 
Voltage 
Min. 
Typ. 
29112l1J 
Outline 


Red 
1100 
T-1 Tinted Diffused 
5 
0.8 
2.5 
60° 
A 


1120 
T-1 Untinted 
Diffused 
5 
0.8 
2.5 
60° 
A 


3105 
T_18/. Tinted 
Diffused 
5 
1.0 
3.0 
60° 
B 


3112 
12 
1.0 
3.0 
60° 
B 


High 
1600 
T-1 Tinted 
Diffused 
5 
2.0 
8.0 
60° 
A 
Efficiency 
1601 
12 
Red 
3600 
T-l8J4Tinted Diffused 
5 
60° 
B 


3601 
12 


Yellow 
1!>20 
T-1 Tinted 
Diffused 
5 
2.0 
8.0 
60° 
A 


1621 
12 


3650 
T-P/. Tinted Diffused 
5 
60° 
B 


3661 
12 


High 
1640 
T-1 Tinted 
Diffused 
5 
2.0 
8.0 
60° 
A 
Performance 
1641 
12 
Green 
3680 
T-P/. Tinted Diffused 
5 
60° 
B 


3681 
12 


Note: 
1. 9\12 is the ofT-axis angle at which the luminous 
intensity 
is If.! the axial luminous 
intensity. 


RedlHEW 
RedlHEW 
Yellow 
Yellow 
Green 
Green 
5 Volt Lamps 
12Volt Lamps 
5 Volt Lamps 
12Volt Lamps 


DC Forward Voltage (TA= 25°C) 
7.5 Volts[2] 
15 Volts!3] 
7.5 Volts!2] 
15 Volts!3] 


Reverse Voltage (IR = 100 !1A) 
5 Volts 
5 Volts 
5 Volts 
5 Volts 


Operating Temperature 
Range 
-40°C to 85°C 
-40°C to 85°C 
-20°C to 85°C 
-20°C to 85°C 


Storage Temperature 
Range 
-55°C to 100°C 
-55°C to 100°C 
-55°C to 100°C 
-55°C to 100°C 


Lead Soldering Temperature 
260°C for 5 seconds 


Notes: 
2. Derate 
from TA = 50°C at 0.071 Vloe, see Figure 
3. 


3. Derate 
from TA = 50°C at 0.086 Vloe, see Figure 
4. 


High 
Red 
Efficiency 
Red 
Yellow 
, 
Green 
Test 
Symbol 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Unit 
Condition 


Ap 
Peak 
655 
635 
583 
565 
nm 
Wavelength 
•... 
Dominant 
648 
626 
585 
569 
nm 
Note 4 
Wavelength 


tJ,.1h. 
~ralLine 
24 
40 
36 
28 
nm 
alfwidth 


R9J.P1N 
Thermal 
290 
290 
290 
290 
0C!W 
Junction 
to 
Resistance 
Cathode 
Lead 
(Note 6) 


R9J•P1N 
Thermal 
210 
210 
210 
210 
0C!W 
Junction 
to 
Resistance 
Cathode 
Lead 


(Note 7) 


IF 
Forward 
13 
20 
13 
20 
13 
20 
13 
20 
mA 
VF= 12V 
Current 
12V Devices 


IF 
Forward 
13 
20 
10 
15 
10 
15 
12 
15 
mA 
VF= 5V 
Current 
5 V Devices 


'1v 
Luminous 
65 
145 
500 
595 
lumen 
Note 2 
Efficacy 
/Watt 


Va 
Reverse 
5.0 
5.0 
5.0 
5.0 
V 
Ia= 100!1A 
Breakdown 
Voltage 
. 


Notes: 
4. The dominant 
wavelength, 
Ad. is derived 
from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
defInes the color of the device. 


5. Radiant 
intenijity, 
1,.,in watts/steradian, 
may be found from the equation 
I,. = 1.,J'1v,where Iv is the luminous 
intensity 
in 
candelas 
and '1v is the luminous 
efficacy in lumensIW att. 
6. For Figure 
A package 
type. 
7. For Figure 
B package 
type. 
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Figure 
3. Maximum 
Allowed Applied Forward 
Voltage 
vs. Ambient 
Temperature 
RaJA _ 1711'CIW. 5 Volt 
Devices. 
. 


Figure 
4. Relative 
Luminous 
Intensity 
vs. Angular 
DisPlacement 
for T·t Package. 
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Figure 
4. Maximum 
Allowed Applied Forward 
Voltage 


VB. Ambient 
Temperature 
RaJA -17I1'CIW. 
12Volt 


~Devices. 


Figure 
5. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement 
for T·l'l. Package. 
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Figure 
6. Relative 
Luminous 
Intensity 
vs. Applied 
Forward 
Voltage. 
5 Volt Devices. 
Figure 
7. Relative 
Luminous 
Intensity 
vs. Applied 
Forward 
Voltage. 
12 Volt Devices. 


F'i;' HEWLETT 
l.:aI PACKARD 


Tape and Reel Solid State 
Lamps 


Features 
• Compatible 
with Radial 
Lead Automatic 
Insertion 
E<iuipnient 
. 


• Meets Dimensional 
Specifi- 
cations 
of IEC Publication 
286 and ANSIlEIA Standard 
RS-468 for Tape and Reel 
• Reel Packaging 
Simplifies 
Handling 
and Testing 
• T-1 and T-13/4LED Lamps 
Available 
Packaged 
on 
Tape and Reel 
• 5 mm (0.197 inch) Formed 
Lead and 2.54 mm (0.100 
inch) Straight 
Lead 
Spacing 
Available 


Description 
T-1 and T-l3f<LED lamps are 
available on tape and reel as 
specified by the IEC Publication 
286 and ANSIlEIA Standard 
RS-468. The Option 001 lamp 
devices have formed leads with 
5 mm (0.197 inch) spacing for 
automatic insertion into PC 
boards by radial lead insertion 
equipment. The Option 002 
lamp devices have straight 
leads with 2.54 mm (0.100 inch) 
spacing, packaged on tape and 
reel for ease of handling. T-1 
lamps are packaged 1800/reel. 
T-l3f4lamps are packaged 
1300/reel. 


Ordering Information 
To order LED lamps packaged 
on tape and reel, include the 
appropriate option code along 
with the device catalog part 
number. Example: to order the 
HLMP-3300 on tape and reel 
with formed leads (5 mm lead 
spacing) order as follows: 
HLMP-3300 Option OOL 
Minimum order quantities vary 
by part number. Orders must be 
placed in reel increments. 
Please contact your local 
Hewlett-Packard 
sales office or 
franchised Hewlett- Packard 
distributor for a complete list of 
lamps available on tape and 
reel. 


LED lamps with 0.46 mm (0.018 
inch) square leads with 5 mm 


Option 001 
Option 002 


(0.197 inch) lead spacing are 
recommended for use with 
automatic insertion equipment. 
It is suggested that insertion 
machine compatibility be 
confirmed. 


Option 
Description 


001 
Tape and reel, 5 mm (0.197 inch) formed leads. 


002 
Tape and reel, 2.54 mm (0.100 inch) straight leads. 


Package 
QuantitylReel 
Order 
Increments 


T-1 
1800 
1800 


T-P/. 
1300 
1300 


A, 
A, 


CATHODE 
t 
~ 


i r 
n 
r 


Ll 


H 
H, 


-f 
t 
1 
w 
w 


J 
I 


Absolute Maximum 
Ratings and ElectricaU 
Optical Characteristics 
The absolute 
maximum 
ratings, 
mechanical 
dimension 
tolerances 
and electrical/optical 
characteristics 
for lamps 
packaged 
on tape and reel are 
identical 
to the basic catalog 
device. Refer to the basic data 
sheet for the specified values. 


Notes: 
1. Minimum 
leader 
length 
at either 
end 
of tape 
is 3 blank 
part 
spaces. 
2. Silver 
saver 
paper 
is used 
as the 
interlayer 
for silver 
plated 
lead 
devices. 


3. The maximum 
number 
of consecutive 
missing 
lamps 
is 3. 


4 In accordance 
with EIA and lEe 
specs, the anode 
lead leaves 
the reel 
first. 


6. Drawings 
apply to devices 
with 
0.46 mm (0.018 inch) square 
leads 
only. Contact 
Hewlett-Packard 
Sales 
Office for dimensions 
of 0.635 mm 
(0.025 inch) square 
lead devices. 
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Item 
Option 
001 
002 
Symbol 
Specification 
Notes 


Tl High 
Profile 
" 


Body Height 
n 
~ 


Al 
4.70 (0.185) 
4.19 (0.165) 


Body Diameter 
D1 
3.18 (0.125) 
2.67 (0.105) 


Component 
Height 
HI 
25.7 (1.012) Max. 


Tl Low Profile 
Body Height 
n 
~ 


A2 
3;73 (0.147) 
3.23 (0.127) 


Body Diameter 
D2 
3.05 (0.120) 
2.79 (0.110) 
, 


Component 
Height 
H2 
24.7 (0.974) Max. 


T13/4 High 
Profile 
Body Height 


~ i 


A3 
9.19 (0.362) 
8.43 (0.332) 
,t· 


Body Diameter 
D3 
5.08 (0.200) 
4.32 (0.170) 
-' 


Component 
Height 
H3 
30.2 (1.189) Max. 


T13I4Low Profile 
Body Height 


~ f 


A4 
6.35 (0.250) 
5.33 (0.210) 


Body Diameter 
D4 
5.08 (0.200) 
4.32 (0.170) 


Component 
Height 
H4 
27.4 (1.079) Max. 


Lead Wire Thickness 
, 
d 
0.45 (0.D18) 
Square 
Leads 


Pitch of Component 
P 
13.7 (0.539) 
11.7 (0.461) 


Feed Hole Pitch 
Po 
12.9 (0.508) 
Cumulative 
error: 


12.5 (0.492) 
1.0 mml20 pitches 


Feed Hole Center 
to Lead Center 
PI 
4.55 (0.179) 
Measure 
at crimp 
3.15 (0.124) 
bottom 5.78/3.68 
(0.227/0.1448) 
for 
straight 
leads 


Hole Center 
to Component 
Center 
P2 
7.35 (0.289) 
5.35 (0.211) 


Lead to Lead Distance 
F 
5.40 (0.213) 
2.54 (0.100) nominal 
4.90 (0.193) 
for straight 
leads 


Component 
Alignment, 
Front-rear 
~h 
o ± 1.0 (0.039) 
Figure 9 


Tape Width 
W 
18.5 (0.728) 
17.5 (0.689) 


Hold Down Tape Width 
Wo 
15.3 (0.602) 
" 


14.7 (0.579) 
. 


Hole Position 
WI 
9.75 (0.384) 
8.50 (0.335) 
.;, 


• 


Item 
Option 
001 
002 
Symbol 
Specification 
Notes 


Hold Down Tape Position 
W2 
2.54 (0.100) Max. 


Height of Component 
from Hole Center 
H 
21.0 (0.827) 
20.0 (0.787) 


Lead Clinch Height 
Ho 
16.5 (0.650) 
15.5 (0.610) 


Feed Hole Diameter 
Do 
4.20 (0.165) 
3.80 (0.150) 


Total Tape Thickness 
t 
0.90 (0.035) 
Paper thickness: 


0.50 (0.020) 
0.55 (0.022) 
0.45 (0.018) 
Figure 9 


Length of Snipped 
Lead 
L 
11.0 (0.4'33) Max. 


Lead Length Under 
Hold Down Tape 
11 
14.5 (0.571) Min. 
, 


Note: 
1. Dimensions 
in millimetres 
(inches) 
maximum/minimum. 
r----- 


20.0 


10.7.7)L. 


Fipre 
9.Front to Rear Alienment 
and Tape Thicknesa, Typical All 
DevieeTyp ••••• 


Fli;;' HEWLETT 
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PACKARD 


OPERATOR 
_ 


HP PART NUMBER" 
_ 


DATE CODE 
_ 


TAPING DATE 
_ 


£lEe. 
VAlUE 
_ 


TOlERANCE 
_ 


aUANTlTy 
_ 


CUSTOMER 
PT. NO. 
_ 


ANODE 
LEAD 
LEAVES 


THE REel 
FIRST. 


/ 


Flio- HEWLETT 
~~PACKARD 


Clip and Retaining Ring for 
Panel Mounted T-13/4LEDs 


_O_p_ti_o_n_OO_7_<HLMP 
"O_1_04_>__ I 


Description 
The Option 007 (HLMP-0104) 
is 
a black plastic mounting 
clip 
and retaining 
ring. It is 
designed to panel mount 
Hewlett-Packard 
Solid State 
high profile T-13/uize 
lamps. 


This clip and ring combination 
is intended 
for installation 
in 
instrument 
panels from 1.52 
mm (0.060") to 3.18 mm (0.125") 
thick. For panels greater 
than 
3.18 mm (0.125") counterboring 
is required 
to the 3.18 mm 
(0.125") thickness. 


I 


".24 
10.167)-l 


I 
1--7.29 
(0.2.') 
OIA. --I I 
f---- 9.17 (0.361) DIA.--I 


Jl 


!. 


.~~ 


ff- 
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Mounting Instructions 
1. Drill a 6.35/6.53 (0.250/0.257 
in.) dia. hole in the panel. 
Deburr but do not chamfer 
the edges of the hole. 


2. Press the panel clip into the 
hole from the front of the 
panel. 


3. Press the LED into the clip 
from the back. Use blunt long 
nose pliers to push on the 
LED. Do not use force on the 
LED leads. A tool such as a 
nut driver may be used to 
press on the clip. 


Note: Clip and retaining ring are also 
available for T-1 package, from a non· 
HP source. Please contact Interconsal 
Association, 2584 Wyandotte Way, 
Mountain View, CA for additional 
information. Telephone: (408) 745-0161. 


4. Slip a plastic retaining 
ring 
onto the back of the clip and 
press tight using tools such 
as two nut drivers. 


Ordering Information 
T-l3/4 High Dome LED Lamps 
can be purchased 
to include clip 
and ring by adding Option Code 


007 to the device catalog part 
number. 


Example: To order the HLMP- 
3300 including 
clip and ring, 
order as follows: HLMP-3300 
Option 007. 


FliiJ'J HEWLETT 
':~PACKARD 


T-13/4 (5 mm) LED RightAngle 
Indicators 


Option 010 
Option 100 


Features 
• Ideal for Card Edge Status 
Indication 
• Package 
Design Allows 
Flush Seating 
on a PC 
Board 
• May be Side Stacked 
on 
6.35 mm (0.25") Centers 
• LEDs Available 
in Four 
Colors, With or Without 
Integrated 
Current 
Limiting 
Resistor 
in T-IS/. 
Tinted Diffused Packages 


• Housing 
Meets UL9V-0 
Flammability 
Rating 
• Additional 
Catalog Lamps 
Available 
as Options 


Description 
TheT-13I.0ption 
010 and 100 
series of Right Angle Indicators 
are industry 
standard 
status 
indicators 
that incorporate 
a T- 


131, LED lamp in a black plastic 
right angle mount housing. The 
indicators 
are available 
in 


ANODE 
LEAD 
LENGTH 


•. 70 (0.18S) 
3.68 
(0.145) 


1.27 (0.050) 
NOM. 
lONGER 
THAN 
CATHODE 


CATHODE 
lEAD 
LENGTH 


4.70 
(0.185) 
3.68 (0.145) 


20.32 
(0.800) 
MIN. 


NOTES: 
,. All 
DIMENSIONS ARE IN MllliMETRES 
(INCHESI. 


2. lEAD 
WIDTH 
MA'( 
BE 0.4510.0181 
OR 0.64 
10.0251 


SQUARE 
NOMINAL 
DEPENDING 
UPON 
PRODUCT 
TYPE 
3. OPTION 
100 IS AVAILABLE 
FOR LONGER 
lEADS. 


SHEARED 
EYEN LEADS 


UNSHEARED 
UNEVEN 
LEADS 


-r- 


SEE TASlE 
\ 


standard 
Red, High Efficiency 
Red, Yellow, or High Perfor- 
mance Green with or without 
an 


integrated 
current 
limiting 
resistor. 
These products 
are 


designed 
to be used as back 


panel diagnostic 
indicators 
and 


card edge logic status 
indicators. 


Ordering Information 
To order T-13/4high dome lamps 
with right angle mount housing, 
select the base part number 
and 


add the option code 010 or 100. 
For example: HLMP-3750 
option 010. 


All Hewlett-Packard 
T-l3/4 high- 


dome lamps are available 
in 
right angle housing. 
Contact 
your local Hewlett-Packard 
Sales Office or authorized 
components 
distributor 
for 
additional 
ordering 
information. 


The Plastic right angle housing 
may be purchased 
separately 
as 
part number 
HLMP-5029. 


Absolute Maximum 
Ratings and ElectricaJl 
Optical Characteristics 
The absolute 
maximum 
ratings 


and device characteristics 
are 


identical 
to those of the T-l3/4 


LED lamps. For information 
about these characteristics, 
see 


the data sheets of the equiva- 
lent T-13/4LED lamp. 


F!J;;' HEWLETT 
~~PACKARD 


T-l (3 mm) RightAngle 
LED 
Indicators 


Features 
• Ideal for Card Edge Status 
Indication 
• Package 
Design Allows 
Flush Seating on a PC 
Board 
• May be Side Stacked 
on 
4.57 mm (0.18'') Centers 
• Up to 8 Units May be 
Coupled for a Horizontal 
Array Configuration 
with 
a Common Coupling Bar 
(See T-l Right Angle Array 
Data Sheet) 
• LEDs Available 
in All LED 
Colors, With or Without 
Integrated 
Current 
Limiting 
Resistor 
in T-l 
Packages 


• Easy Flux Removal Design 
• Housing Material 
Meets 
UL 94V·O Rating 
• Additional 
Catalog Lamps 
Available as Options 


Description 
Hewlett-Packard 
T-l Right 
Angle Indicators 
are industry 
standard 
status 
indicators 
that 
incorporate 
a T-l LED lamp in a 
black plastic right angle mount 
housing. The indicators 
are 
available 
in Standard 
Red, High 
Efficiency Red, Orange, Yellow, 
and High Performance 
Green, 
with or without 
an integrated 
current 
limiting 
resistor. 
These 
products 
are designed to be used 


~ 
24~~~095ll 


3.6810.1451 8 
3.18 
(0.125) 
OIA. 


f 
7.44 10.2931 


~[¥]~=:s~ 
SEE TABLE 


* 
t 
IP127IOOsO) 
L 


254 
(0 100)--J 
NOM 4 70 (O 185) 
045 (00181 


NOM. 
REF. 
SQUARE NOM. 


Option 010 
• 
_O_p_ti_on_l_Ol_______ 
~.. 


as back panel diagnostic 
indicators 
and card edge logic 
status 
indicators. 


Ordering Information 
To order otherT-l 
High Dome 
Lamps in Right Angle Housings 
in addition 
to the parts 
indicated 
above, select the base 


OPTION 
NO. 
CATHODE 
LEAD 
ANODE 
LEAD 
LENGTH 
LENGTH 


1I\l10 
18.03 
(0. no) 
1.27 (0.050) 
UN SHEARED 
MIN. 
NOM. 
LONGER 
UNEVEN 
LEADS 
THAN 
CATHODE 


.,01 
3.43 
(0.135) 
3.43 (0.135) 
SHEARED 
MIN. 
MIN. 
EVEN 
LEADS 


part number 
and add the option 
code 010 or 101, depending 
on 
the lead length desired. 
For 
example, 
by ordering 
HLMP- 
1302 Option 010, you would 
receive the long lead option. By 
ordering 
HLMP-1302 
Option 
101, you would receive the short 
lead option. 


Arrays made by connecting 
two 


to eight single Right Angle 
Indicators 
with a Common 
Coupling Bar are available. 
Ordering 
information 
for arrays 


may be found on the T-1 Right 
Angle Array data sheet. 


Absolute Maximum 
Ratings and Other 
Electrical/Optical 
Characteristics 
The absolute 
maximum 
ratings 


and typical device characteris- 
tics are identical 
to those of the 


T-1 LED lamps. 
For information 


about these characteristics, 
see 


the data sheets of the equiva- 
lent T-1 LED lamp. 


F"OW HEWLETT 
~e.PACKARD 


T-l (3 mm) RightAngle Arrays 


Features 
• Ideal for PC Board 
Status 
Indication 


• Standard 
4 Element 
Configuration 


• Easy Handling 
• Easy Flux Removal 
• Housing 
Meets UL 94V-O 
Flammability 
Rating 


• Other 
Catalog 
Lamps 
Available 


3.68 
<0.145) 
3,18 (O.125) 


(HOLE 
DIAMETER) 


2.54 
(0.100) 
I 
NOMINAL 
------l lJ 


NOTE; 
ALL 
DIMENSIONS 
ARE 
IN MILLIMETRES 
(INCHES). 
"~~:~'l 
FT:~::~ 


MIN 


4.70 
(0.185) 
Li 


REF. 
0.45 (0.018) 


SQUARE 
NOM. 


Description 
These T-l right angle arrays 
incorporate standard T-llamps 
for a good balance of viewing 
angle and intensity. Single 
units are held together by a 
plastic tie bar. The leads of each 
member of the array are spaced 
on 2.54 mm (0.100 in.) centers. 
Lead spacing between adjacent 
lamps in the array is on 2.03 
mm (0.080 in.) centers. These 


r 


864 
(0 340) 


813 
[3201 


L 2.03 
(0.0801 
NOMINAL 


Option 102, 103, 104, 105, 
• 
_106_,_1_07_,_1_0_8______ 
~: 


OPTION 
NO. 
ARRAY 
LENGTH 
OPTION 
NO. 
ARRAY 
LENGTH 
OPTION 
NO. 
ARRAY 
LENGTH 


.'02 
9.65 (0.380) 
"05 
23.14~ 
"08 
36.70~ 
B.79 (0.346) 
22.73 
(0.B95) 
36.45 
(1.435) 


#103 
14.22 
(0.560) 
"06 
27.71 (1.091) 


13.36 
(0.526) 
27.31 (1.075) 


"04 
18.57 
(0.731) 
#107 
32.28 
(1.271) 
18.16 
(O.71S) 
31.88 (1.255) 


products 
are designed 
to be used 
as back panel diagnostic 
indicators 
and logic status 


indicators 
on PC boards. 


Ordering Information 
Use the option code 102 through 
108 in addition 
to the base part 
number 
to order these arrays. 


Example: 
HLMP-1300 
option, 


102. Arrays from 2 to 8 
elements 
in length and special 
lamp color combinations 
within 
an array are available. 
Please 
contact your nearest 
Hewlett- 
Packard 
Components 
representative 
for ordering 
information 
on these special 


items. 


Absolute Maximum 
Ratings and Other 
Electrical/Optical 
Characteristics 
The absolute 
maximum 
ratings 


and typical device characteris- 
tics are identical 
to those of the 


T-1 LED lamps. For information 
about these characteristics, 
see 


the data sheets of the equiva- 
lent T-1 LED lamp. 
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Subminiature LED Right 
Angle Indicators 


Features 
• Ideal for PC Board Status 
Indication 
• Side Stackable 
on 2.54 mm 
(0.100 in.) Centers 
• Available in Four Colors 
• Housing Meets UL 94V-O 
Flammability 
Rating 
• Additional 
Catalog Lamps 
Available as Options 


l r 


2.62~ 


2.46 
(0.097) 


f 
3.43 
(0.135) 


2.94 
(0.115) 


Description 
The Hewlett-Packard 
series of 
Subminiature 
Right Angle 
Indicators are industry 
standard 
status indicators that 
incorporate tinted diffused LED 
lamps in black plastic housings. 
The 2.54 mm CO.100 in.) wide 
packages may be side stacked 
for maximum board space 
savings. The silver plated leads 
are in line on 2.54 mm 


!E 
(0.0501l 
F5:~ 
:~:~::l 


..".- 
I 
· 


1.14{O.0451J 
0.89 10.0351 


_O_p_ti_o_n_O_lo 1 


'ti'L 02310.0091 
0.'8 10.007) 


2.54 
(0.1001 
NOM. 


(O.lDO in.) centers, 
a standard 
spacing that makes the PC 
board layout straight-forward. 
These products 
are designed 
to 


be used as back panel diagnostic 
indicators 
and logic status 


indicators 
on PC boards. 


Ordering Information 
To order Subminiature 
Right 
Angle indicators, 
order the base 


part number 
and add the option 
code OlD. Example: 
HLMP-6300 
option 010. For price and 
delivery on Resistor 
Subminiature 
Right Angle 
Indicators 
and other 
subminiature 
LEDs not 
indicated 
above, please contact 


your nearest 
HP Components 
representative. 


Absolute Maximum 
Ratings and Other 
Electrical/Optical 
Characteristics 
The absolute 
maximum 
ratings 


and typical device characteris- 
tics are identical 
to those of the 


Subminiature 
lamps. For 


information 
about these 


characteristics, 
see the data 


sheets of the equivalent 
Subminiature 
lamp. 
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Subminiature Solid State 
Lamps Standard Lead Bend 
Options 


Features 
• Surface 
Mount Lead 
Configurations 
• Right Angle Lead Bend for 
Through 
Hole Mounting 


• Tape and Reel in 
Accordance 
with ANSIlEIA 
RS-481 Specifications 


Description 
Subminiature 
lamps (HLMP- 


PXXX, HLMP-QIXX, 
HLMP- 


6XXX, HLMP-70XX) are 
available 
with the above 


standard 
options. Subminiature 


Lamps with Options 01X, 02X 
and 03X are suitable 
for surface 
mount applications 
and their 
leads are formed with gull wing, 
yoke bend and Z bend 
respectively. 
They are available 
in Tape and Reel (compatible 
to 
ANSIlElA 
RS-481), bulk or 
arrays 
in a shipping 
tube. 
Option IX1 and 2X1 are right 
angle lead bends suitable 
for 
through 
hole applications. 


Ordering 
Information 
To order Subminiature 
Lamps 
packaged 
with these standard 


Option 011, 012, 013, 021, 
• 
022, 031, 032, ILl, ISI, 
_2L_l,_2_S_1 
, ~: 


options, include the appropriate 
option code along with the 
' 


device catalog part number. 
Example: 
to order the HLMP- 


P005 with Option 011 gull wing 
leads in 12 mm embossed tape 
on 178 mm (7 inch) diameter 
reels, with 1500 lamps per reel; 
order as follows: HLMP-P005 
Option 011. Order must be 
placed in reel increments. 
For 
any additional 
information, 


please contact your local 
Hewlett-Packard 
sales office or 
franchised 
distributor 
for 


assistance. 


· 
Package 
Option 
Outline 
Code 
Package 
Configuration 
Description 
Drawing 


011 
Gull Wing Lead, Tape and Reel[2J 
Surface Mount 
A,I,M 


012 
Gull Wing Lead, Bulk Packagingf31 
Lead 
Configurations 
013 
Gull Wing Lead, Arrays, 
Shipping Tube 
B,J 


021 
Yoke Lead, Tape and Reel[2J 
C,K,M 


022 
Yoke Lead, Bulk Packagingf3J 


031 
Z-Bend, Tape and Reel[2J 
D,L,M 


032 
Z-Bend, Bulk Packagingf3J 


1L1 
2.54 mm (0.100 inch) 
Long Leads; 10.4 mm (0.410 in.) 
Right Angle Lead 
E 


1Sl 
Center 
Lead Spacing 
Short Leads; 3.7 mm (0.145 in.) 
Bends for Through 
F 
Hole Mounting 
2L1 
5.08 mm (0.200 inch) 
Long Leads; 9.2 mm (0.364 in.) 
G 


2S1 
Center 
Lead Spacing 
Short Leads; 3.7 mm (0.145 in.) 
H 


Notes: 
1. Diffused 
lamps have tinted 
lenses. Nondiffused 
lamps have untinted 
lenses. 


2. Lamps 
are supplied 
in 12 mm embossed 
tape on 178 mm (7 inch) diameter 
reels, with 1500 lamps per reel. Minimum 
order 


quantity 
and order increment 
are in quantity 
of reels only. 
3. Vapor barrier 
bags are used for bulk packaging. 


Package Dimensions, Lead Bend Options 
(A) Individual 
Lamp, 
Gull Wing Lead, 
Option 
011 and 
012 
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I 
5.08(0.200) 
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NOM. 
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L-5.08(0.200)----l 
1- 
NOM. 
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Package Dimensions: Surface Mount Tape and Reel Options 
(I) 12 rom Tape and Reel, Gull Wing Lead, Option 011 
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_____ 
FEED 
DIRECTION 
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1r 


PUSH PIN 


/THROUGH 
L 
HOLE 


NOTES: 
1. 
EMPTY 
COMPONENT 
POCKETS 
SEALED 
WITH 
TOP 
COVER 
TAPE. 


2. 
7 INCH 
REEL·1500 
PIECES 
PEA 
REEL. 


3. 
MINIMUM 
LEADER 
LENGTH 
AT EITHER 
END OF THE TAPE 
IS 500 mm. 


4. 
THE 
MAXIMUM 
NUMBER 
OF CONSECUTIVE 
MISSING 
LAMPS 
IS TWO. 


5. 
IN ACCORDANCE 
WITH 
ANSIIEIA 
R5-481 
SPECIFICATIONS, 
THE 


CATHODE 
IS ORIENTED 
TOWARDS 
THE TAPE 
SPROCKET 
HOLE. 


GULL 
WING 
LEAD 


~ 
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NO.OF 
LAMP 
QUANTITY 


ELEMENTS 
OF ARRAYS 


HLMP- 
PEA ARRAY 
PER TUBE 


6XX3 
3 
53 


6XX4 
4 
40 


6XX5 
5 
32 


6XX6 
6 
26 


6XX8 
B 
20 
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NOTES: 


1. 
EMPTY 
COMPONENT 
POCKETS 
SEALED 
WITH 
TOP COVER 
TAPE. 


2. 7 INCH 
REEL·1500 
PIECES 
PER REEL 


3. 
MINIMUM 
LEADER 
LENGTH 
AT EITHER 
END OF THE TAPE 
IS 500 mm. 


4. 
THE 
MAXIMUM 
NUMBER 
OF CONSECUTIVE 
MISSING 
LAMPS 
IS TWO. 


5. 
IN ACCORDANCE 
WITH 
AN$I/EIA 
R5-481 
SPECIFICATIONS, 
THE 


CATHODE 
IS ORIENTED 
TOWARDS 
THE TAPE 
SPROCKET 
HOLE. 
• 
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Z-BEND 
LEAD 
I 
I 
SUBMINIATURE 
LAMP 


~ 
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TDPT~ 


USER 
DIRECTION 
OF 
FEED 
:> 


DIMENSIONS 
PER ANSIIEIA 


STANDARD 
RS481. 


ALL 
DIMENSIONS 
ARE 
IN 


MILLIMETRES 
(INCHES). 


A 
178.0. 
2.0 (7.0 '0.08) DIA. 


C 
13.0 (0.512) 
CIA. 
TYP. 


0 
1.55 (0.061 
± 0.002) 
CIA. 


0, 
1.0 (0.039) 
CIA. MIN. 


0, 
20.2 (0.795) 
CIA. 
MIN. 


E 
1.75 ± 0.1 (0.069) 


F 
5.50 (0.127 
± 0.002) 


K. 
3.05 ± 0.1 (0.120) 
TYP. 


N 
50.0 (1.970) 
MIN. 


P 
4.0 (0.157) TYP. 


P, 
4.0 (0.157) TVP. 


P, 
2.0 (0.079 i 0.002) 
TYP. 


t 
0.3(0.012) TVP. 


T 
18.4(0.72) MAX. 
'iI 


~. 


12.0 ± 0.3 (0.472 
± 0.012) 


THICKNESS 
OF TOP COVER 
TAPE 


0.10 (0.004) MAX. 


1 
- 
- 
- - 
~ 
- 


Ic 


N 


Convective m Reflow 
Soldering 
For information 
on IR reflow 


soldering, 
refer to App1ication 


Note 1060, Surface Mounting 
SMT LED Components. 
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HP PART 
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_ 


DATECOOE 
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TAPINGDATE 
_ 


ElEC. 
VALUE 
_ 


TOLERANCE 
_ 


QUANTITY 
_ 


CUSTOMER 
PART 
NUMBER 
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LED Indicators 
Standard Intensity and Color 
Binning Options 


Description 
Due to applications 
that require 
tightly matched 
devices, 
Hewlett-Packard 
has developed 
several standard 
options to 
service these requirements. 


Option 802 consists of devices 
which are selected to two Iv 
categories. 
All color bins of the 
base parts 
(yellow and green 
devices) fulfill the color 
requirements 
of these products. 


Option 820 consists of devices 
which are selected to two color 
bins. All Iv bins of the base 
parts fulfill the Iv requirements 
of these products. 


Option 822 consists of devices 
which are selected to two Iv 
categories 
and two color bin 
categories. 


Ordering Information 
To order LED indicators 
with 
these standard 
options, order 
the base part number 
and add 
the option code (802, 820, 822). 
For any base part number 
that 
does not appear 
in the following 
lists, please consult your local 
Hewlett-Packard 
representative 
or your local franchise 
distributor. 


OPTION 
802 - Partial 
base 
part 
number 
list: 


HLMP-DIOI 
HLMP-DI05 
HLMP-D150 
HLMP-D155 
HLMP-D401 
HLMP-KIOO 
HLMP-KIOI 
HLMP-KI05 
HLMP-K150 
HLMP-K155 
HLMP-K402 
HLMP-L250 
HLMP-RIOO 
HLMP-8200 
HLMP-8300 
HLMP-8400 
HLMP-8500 
HLMP-T200 
HLMP-T300 
HLMP-T500 
HLMP-0300 
HLMP-0400 
HLMP-0503 
HLMP-0800 
HLMP-I002 
HLMP-llOO 
HLMP-1l20 
HLMP-1301 
HLMP-1302 
HLMP-1320 
HLMP-1321 
HLMP-1340 
HLMP-1385 
HLMP-1402 
HLMP-1421 


HLMP-1440 
HLMP-1485 
HLMP-1521 
HLMP-1523 
HLMP-1540 
HLMP-1550 
HLMP-1585 
HLMP-1600 
HLMP-1601 
HLMP-1620 
HLMP-1640 
HLMP-1700 
HLMP-1719 
HLMP-1790 
HLMP-3001 
HLMP-3002 
HLMP-3301 
HLMP-3316 
HLMP-3351 
HLMP-3401 
HLMP-3416 
HLMP-3451 
HLMP-3502 
HLMP-3507 
HLMP-3517 
HLMP-3519 
HLMP-3554 
HLMP-3600 
HLMP-3650 
HLMP-3680 
HLMP-3744 
HLMP-3750 
HLMP-3810 
HLMP-3850 
HLMP-3860 
HLMP-3910 
HLMP-3950 
HLMP-3960 


HLMP-4000 
HLMP-4600 
HLMP-4700 
HLMP-4719 
HLMP-4740 
HLMP-5030 
HLMP-5040 
HLMP-5050 
HLMP-5060 
HLMP-5070 
HLMP-5080 
HLMP-6001 
HLMP-6300 
HLMP-6305 
HLMP-6400 
HLMP-6500 
HLMP-6505 
HLMP-7000 
HLMP-7019 
HLMP-7040 
HLMP-8109 


HLMP-8110 
HLMP-8115 
HLMP-8205 
HLMP-8209 
HLMP-8305 
HLMP-8309 
HLMP-8320 
HLMP-8405 
HLMP-8409 
HLMP-8505 
HLMP-8509 
HLMP-8510 
HLMP-8520 


OPTION 820 - Partial base 
part number list: 


HLMP-1620 
HLMP-1640 
HLMP-3400 
HLMP-3651 


OPTION 822 - Partial 
base 
part number list: 


HLMP-S301 
HMLP-S500 
HLMP-T300 
HLMP-T500 
HLMP-0401 
HLMP-0504 
HLMP-1402 
HLMP-1440 
HLMP-1523 
HLMP-1620 
HLMP-1719 
HLMP-3401 
HLMP-3450 
HLMP-3850 
HLMP-3862 
HLMP-4719 
I 


Hermetic Lamps 
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Hermetic Lamps 


Hewlett-Packard 
offers a 


complete line of hermetically 
sealed solid state lamps, hi-reI 
screened to military specifica- 
tions, and listed on MIL-S- 
19500 Qualified Parts List 
(QPL). 


• JAN and JANTX hermetic 


and panel mount hermetic 
lamps, screened to the 
requirements 
ofMIL-S-19500 
slash sheet specifications and 


listed on the MIL-S-19500 
Qualified Parts List. 


• Ultrabright 
hermetic and 
uItrabright 
panel mount 
hermetic lamps screened to 
the JAN and JANTX 
requirements 
of MIL-S-19500. 


These military grade hermetic 
and panel mount hermetic 
lamps are produced and hi-reI 
screened at Hewlett-Packard's 
-I 


DESC qualified facilities, 
approved to the requirements 
of 
MIL-S-19500 and 
MIL-STD-750. 


The applicable MIL-S-19500 
screening tables are detailed on 
each hermetic lamp data sheet. 


Commercial grade versions of 
these hermetic lamps are avail- 
able without hi-reI screening, 
identified by 1NXXXX or 
HLMP- part numbers. 


Hermetically Sealed JAN Qualified lED lamps 


Device 
Description 
Typical 
Typical 


Package 
Luminous 
Forward 
Page 


Outline 
Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
291/2 
Voltage 
No. 


1r 


lN5765 
Red 
Hermetic!TO-46 
Red 
1.0 mcd 
70° 
1.6V 
3-194 


JAN1 N5765") 
(640 nm) 
Diffused 
@20mA 
@20mA 


JANTX1 N576511J 


1N6092 
High 
8.0 mcd 
2.0 V 


JAN 1N609211) 
Efficiency 
@20mA 
@20mA 


JANTX1 N609211) 
Red 


(626 nm) 


1N6093 
Yellow 
Yellow 
8.0 mcd 
2.0 V 


JAN 1N6093[1) 
(585 nm) 
Diffused 
@20mA 
@20mA 


JANTXl 
N6093"1 


1N6094 
Green 
Green 
8.0 mcd 
2.1 V 
JAN 1N6094[1) 
(570 nm) 
Diffused 
@25mA 
@25mA 


JANTX1 N609411! 


HLMP-0930 
Red 
Panel Mount 
Red 
1.0mcd 
70° 
1.6 V 


HLMP-0931 
(640 nm) 
Version 
Diffused 
@20mA 
@20mA 


JANM195001 
High 
8.0 mcd 
2.0 V 
51901") 
Efficiency 
@20mA 
@20mA 


JTXM195001 
Red 
51902(1) 
(626 nm) 


JANM195001 
Yellow 
Yellow 
8.0 mcd 
2.0 V 
52001") 
(585 nm) 
Diffused 
@20mA 
@20mA 


JTXM195001 


52002"J 
0 


JANM195001 
Green 
Green 
8.0 mcd 
2.1 V 
5210111) 
(570 nm) 
Diffused 
@25mA 
@25mA 


JTXM195001 


52102(IJ 


Note: 


1. Military qualified 
and listed on the MIL-S-19500 
Qualified 
Parts List (QPL). 


Hermetically 
Sealed JAN Qualified Ultra-Bright 
LED Lamps 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
291/2 
Voltage 
No. 
G 


1N6609 
High 
Hermetic 
Clear 
50.0 mcd 
18 
2.0 V 
3-206 
JAN1 N660gl') 
Efficiency 
TO-18[3) 
Glass 
@20mA 
@20mA 
JANTX1N660gl" 
Red 
(626 nm) 


1N6610 
Yellow 
50.0 mcd 
2.0 V 
~~ 
JAN1N661Ql'I 
(585 nm) 
@20mA 
@20mA • 


JANTX661()l') 


1N6611 
Green 
50.0 mcd 
2.1 V 
JAN1N66111') 
(570 nm) 
@25mA 
@25mA 
JANTX66111'I 


JANM195001 
High 
Panel Mount 
Clear 
50.0 mcd 
18 
2.0 V 
51903"' 
Efficiency 
Version 
Glass 
@20mA 
@20mA 
JANTXM195001 
Red 
519041'1 
(626 nm) 


JANM195001 
Yellow 
50.0 mcd 
2.0 V 
52003") 
(585 nm) 
@20mA 
@20mA 
JANTXM195001 
52004[1) 


0 


JANM195001 
Green 
50.0 mcd 
2.1 V 
521031') 
(570 nm) 
@25mA 
@25mA 
JANTXM195001 
5210411) 


Notes: 
1. Military qualified and listed on theMIL-S-19500 Qualified Parts List (QPL). 


JAN Qualified Hermetic 
Solid State Lamps* 


Features 
• Military Qualified 
• Listed on Mll.-S-19500 QPL 
• Choice of Four Colors 
Red 
High Efficiency Red 
Yellow 
Green 
• Designed for High- 
Reliability 
Applications 
• Hermetically 
Sealed 
• Wide Viewing Angle 
• Low Power Operation 
• IC Compatible 
• Long Life 
• Panel Mount 
Configuration 


Description 
The IN5765, IN6092, IN6093 
and IN6094 solid state LEDs 
are hermetically 
sealed in a TO- 
46 package with a tinted, dif- 
fused plastic lens over a glass 
window. These devices are 
designed for high reliability 
applications and provide excel- 
lent on-off contrast, high axial 
luminous intensity, 
and a wide 
viewing angle. The panel mount 


versions consist of an LED unit 
permanently 
mounted in an 
anodized aluminum sleeve. 


The IN5765 utilizes a GaAsP 
LED chip with a red diffused 
lens over a glass window. 


The IN6092 has a high 
efficiency red GaAsP on GaP 
LED chip with a red diffused 
lens over a glass window. This 
device is comparable to the 
IN5765 but its efficiency 
extends to higher currents and 
it provides greater luminous 
intensity. 


The IN6093 provides a yellow 
GaAsP on GaP LED chip with a 
yellow, diffused lens over a glass 
window. 


The IN6094 utilizes a green 
GaP LED chip with a green, dif- 
fused lens over a glass window. 


The plastic lens over glass 
window system is extremely 
durable and has exceptional 
temperature 
cycling 
capabilities. 


IN5765 
JANIN5765 
JANTXIN5765 
IN6092 
JANIN6092 
JANTXIN6092 
IN6093 
JANIN6093 
JANTXIN6093 
IN6094 
JANIN6094 
JANTXIN6094 


T 
COLOR - PART NUMBER - LAMP AND PANEL MOUNT MATRIX 


Controlling 
Standard 
WithJAN 
JANPlus 
MlL-S-19500 
Description 
Product 
Qualification!l] 
TX Testingl2] 
Document!'! 


TABLE A. Hermetic 
TO-46 Part 
Number 
System 


Standard Red 
IN5765 
JANIN5765 
JANTXIN5765 
/467 
High Efficiency Red 
IN6092 
JANIN6092 
JANTXIN6092 
/519 


Yellow 
1N6093 
JANIN6093 
JANTXIN6093 
/520 
Green 
IN6094 
JANIN6094 
JANTXIN6094 
/521 


TABLE B. Panel 
Mountable 
Part 
Number 
System!S] 


Standard 
Red 
HLMP-0904 
HLMP-0930 
HLMP-0931 
None 


High Efficiency Red 
HLMP-0354 
HLMP-0380 
HLMP-0381 
(JANMI9500/51901) 
(JTXMI9500/51902) 
/519 


Yellow 
HLMP-0454 
HLMP-0480 
HLMP-0481 


(JANMI9500/52001) 
(JTXMI9500/52002) 
/520 
Green 
HLMP-0554 
HLMP-0580 
HLMP-0581 


(JANMI9500/52101) 
(JTXMI9500/52102) 
/521 


Notes: 
1. Parts 
are marked with the JAN part number. 
2. Parts are marked with the JANTX part number. 
3. Panel mountable 
packaging incorporates 
the Table A T0-46 part into a panel mount enclosure. 
4. JAN and JANTX parts only. 


Package Dimensions 


HLMP-0904, 
0354, 0454, 0554 


1_ 12 70 (,5001_1 
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2.41~ 
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3,381 


,.,331 


3.53 {.139} 


~016) 


.61 
1.024) 


4.57 '.1801 
S72('SI 


24.6 
(.9701 
26.2 
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CONVERSION 
COATING 


PART MARKING 
~ 
(20~~11r 


64 f 025) 
NOMINAL 


r'~94SIJ(,21 
~ 
.~ 


1067(42111 
~ 
+ 
-- 


NOTES: 
j 
1. THE PANELMDUNT 
SLEEvE IS BLACK 


ANODIZED 
ALUMINUM. 
---- 


2. TIN-lEAD FINISH.GOLD PLATED 
10.80 
LEADS AVAILABLE ON REQUEST. 
(.4251 
--11-----l 


3. ONE lOCK 
WASHER AND ONE HEX·NUT IS 
II 
I 


INCLUDED 
WITH EACH PANel 
MOUNT G~ 
.53 (.021) 


LAMP. 


4 USE OF METRIC DRILL SIZE 8.20 


MILLIMETRES 
OR ENGLISH DRILL SIZE P 
+_ 


(0323 
INCHIIS 
RECOMMENDED 
FOR 
PRODUCING 
HOLE IN THE PANel 
FOR 
PANEL MOUNTING. 


S ALL DIMENSIONS 
IN MILLIMETRES 


(INCHES). 


6 PACKAGE WEIGHT INCLUDING 
LAMP AND 
PANel 
MOUNT IS 1.2 
1.8 GRAMS. 
NUT 


AND WASHER IS AN EXTRA 0.6 - 1.0 
GRAM 


GLASS/METAL 
HERMETIC CAN 
GOLD PLATED 


KOVAR 


~{.03S1 
1.14 (.04S)I 


NOTES: 
1. ALL DIMENSIONS 
ARE IN MILLIMETRES 
(INCHES) 


2. GOLD-PLATED KOVAR LEADS. 
3. PACKAGE WEIGHT OF LAMP ALONE IS .2S 
.40 GRAMS 


• 


Red 
High 
Eft'. Red 
Yellow 
Green 


1N5765 
1N6092 
1N6093 
1N6094 


Parameter 
HLMP-0904 
HLMP-0354 
HLMP-0454 
HLMP-0554 
Units 


Power Dissipation 
(derate 
100 
120 
120 
120 
mW 


linearly 
from 50°C at 1.6 mW/oC) 


DC Forward 
Current 
50(lJ 
35[21 
35[21 
35(2J 
mA 


Peak Forward 
Current 
1000 
60 
60 
60 
mA 


See Fig. 5 
See Fig. 10 
See Fig. 15 
See Fig. 20 


Operating 
and Storage 
-65°C to +100°C 
Temperature 
Range 


Lead Soldering 
Temperature 
260°C for 7 seconds 
[1.6 mm (0.063 in.) from body] 


Notes: 
1. Derate 
from 50°C at 0.2 mAl°C. 


2. Derate 
from 50'C at 0.5 mAI'C. 


lN5765/ 
lN60921 
lN6093/ 
lN60941 


HLMP·0904 
HLMP-0354 
HLMP-0454 
HLMP-0554 
Teat 


Sym. 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Iv. 
Axial Luminous 
0.5 
1.0 
3.0 
8.0 
3.0 
8.0 
3.0 I 8.0 I 
mcd 
IF = 20 mA 


Intensity 
AtII, = 2f mA 
Figs. 3, 8, 13, 18 
e = O' 


r., 
Luminous 
1.5 
1.5 
1.5 
1.5 I 
I 
mcd 
IF=20mA 


Intensity 
at 
AtIF=25mA 
e = 30' 


e = 30' 


Included 
Angle 
Between 
Half 
Figures 


2e •., 
Luminous 
60 
70 
70 
70 
deg 
6,11,16,21 


Intensity 
Points(lI 


ApEAK 
Peak 
630 
655 
700 
590 
635 
695 
550 
583 
660 
525 
565 
600 
nm 
Measurement 


Wavelength 
at Peak 


A, 
Dominant 
640 
626 
585 
570 
nm 


Wavelength'2] 


t. 
Speed of Response 
10 
200 
200 
200 
ns 


C 
Capacitance 
200 
300 
35 
100 
35 
100 
35 
100 
pF 
VF =0; 
f-1MHz 


R9J_P1N 
Thermal 
425 
425 
425 
425 
'C/W 


Resistance*r31 


R9J_P1N 
Thermal 
550 
550 
550 
550 
'c/w 


Resistance··[SI 


VF 
Forward 
Voltage 
1.6 
2.0 
2.0 
3.0 
2.0 
3.0 
2.1 
3.0 
V 
IF = 20 mA 
Figures 
2, 7, 


AtIF=25mA 
12, 17 


I. 
Reverse 
Current 
1.0 
1.0 
1.0 
1.0 
l!A 
v. = 3V 


BV. 
Reverse 
4.0 
5.0 
5.0 
5.0 
5.0 
V 
I. = 100 l!A 


Breakdown 
Voltage 


'1, 
Luminous 
56 
140 
455 
600 
ImIW 


Efficacy'" 


Notes: 
1. e,12 is the off-axis angle at which the luminous intensity 
is half the axial luminous intensity. 


2. The dominant 
wavelength, 
A.., is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
defines the color of the device. 
3. Junction 
to Cathode Lead with 3.18 mm (0.125 inch) ofleads 
exposed between base of flange and heat sink. 


4. Radiant 
intensity, 
I., in watts/steradian, 
may be found from the equation 
I.=I,I'1" 
where I, is the luminous 
intensity 
in 
candelas 
and '1, is the luminous 
efficacy in lumens/watt. 
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Figure 
2. Forward 
Current 
vs. 
Forward 
Voltage. 
Figure 
3. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per 
Unit 
Current) 
vs. Peak 
Current. 


• 


Figure 
5. Maximum 
Tolerable 
Peak Current 
vs. Pulse 
Duration. 
(l"e MAX as per MAX Ratings). 
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Figure 
6. Relative 
Luminous 
Intensity 
vs. Angular 


Displacement. 


Figure 
7. Forward 
Current 
vs. 
Forward 
Voltage. 
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Figure 
8. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
Figure 
9. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 


Figure 
10. Maximum 
Tolerable 
Peak Current 
vs. Pulse 
Duration. 
(IDe MAX as per MAX Ratings). 
Figure 
11. Relative 
Luminous 
Intensity 
vs. Angular 


Displacement. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 


Figure 
15. Maximum 
Tolerable 
Peak Current 
vs. Pulse 
Duration. 
Unc MAX as per MAXRatings). 
Figure 
16. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
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Figure 
18. Relative 
Luminou8 
Intensity 
V8.Forward 
Current. 
Figure 
19. Relative 
Efficiency 
(LUminOU8 Intensity 
per Unit 


Current) 
V8. Peak 
Current. 


Figure 
20. Maximum 
Tolerable 
Peak 
Current 
V8. Pul8e 
Duration. 
(l"c MAX a8 per MAX Rating8). 


Figure 
21. Relative 
Luminou8 
Intensity 
V8.Angular 


Displacement. 


JAN PART: Samples of each lot 
are subjected to Group A and B 
tests listed below. Every six 
months, samples from a single 
lot of each part type are 
subjected to Group C testing. 
All tests are to the conditions 
and limits specified by the 
appropriate 
MIL-S-19500 slash 
sheet specifications. 


JANTX PART: These devices 
undergo 100% screening tests as 
listed below to the conditions 
and limits specified by the MIL- 
S-19500 slash sheet specifica- 
tion. The JANTX lot has also 
been subjected to Group A, B, 
and C sample tests as for the 
JAN PART above. 


The following test tables apply 
to 1N6092, 1N6093 and 1N6094 
devices. Refer to MIL-S-19500/ 
467 slash sheet specifications 
for 1N5765 devices. 


Mll.-STD-750 


Examination 
or Test 
Method 
Conditions 


1. High Temperature 
Life 
1032 
TA = +100°C, Time = 24 hours 


2. Temperature 
Cycling 
1051 
Condition A, T (high) = +100°C 


3. Constant Acceleration 
2006 
20,000 g's. Y1 Axis 


4. Fine Leak 
1071 
Condition H 


5. Gross Leak 
1071 
Condition K, Test Temperature 
= +lOO°C 


6. Electrical Test 
Iv, VF,and IR, TA = 25°C 


7. Burn-In[l] 
1015 
IF = 35 mA, TA = 25°C, Time = 96 hours 


8. Final Electrical Test 
Same as Step 6 


9. Deltas Determinations 
~IVl = -20%, VF= ±50 mV 


10. External Visual[l] 
2071 


Note: 
1. MIL-STD-883 
Method 
applies. 


• 


MIL·STD·750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
5 
Visual and mechanical 
2071 
inspection 


Subgroup 
2 
5 
Luminous 
intensity 
IF = 20 mA dc;[l)I} = 0° 
IV1 
0.5[2) 
mcd 


3.0[3) 
mcd 


Luminous 
intensity 
IF = 20 mA dc;UJI} = 30° 
IV2 
0.3[2J 
mcd 


1.5[3J 
mcd 


Reverse current 
4016 
DC method; Va = 3 V dc 
la 
1.0 
~dc 


Forward 
current 
4011 
DC method; 
IF = 20 mAll) 
VF 
3.0 
V dc 


Subgroup 
3 
10 
High temperature: 
TA = 100°C 


Reverse current 
4016 
DC method; Va = 3 V dc 
la 
1.0 
~dc 


Forward 
voltage 
4011 
DC method; 
IF = 20 mAU) 
VF 
3.0 
Vdc 


Low Temperature: 
TA = -55°C 
Reverse current 
4016 
DC method; Va = 3 V dc 
la 
1.0 
~dc 


Forward 
voltage 
4011 
DC method; 
IF = 20 mA[IJ 
VF 
3.0 
Vdc 


Subgroup 
4 
5 
Capacitance 
4001 
Va=O;f= 
1 MHz 
C 
100 
pF 


Notes: 
1. !r = 25 mA for IN6094. 
2. ~'or 1N5765. 
3. For 1N6092, 
1N6093, and 1N6094. 


Mll.-STD-750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
15 
Solderability 
2026 


Resistance 
to solvents 
1022 


Subgroup 2 
10 


Thermal 
shock 
1051 
Test condition A 


(temperature 
cycle) 
T (high) = 100 


0e; 
25 cycles 


Hermetic 
seal 
1071 
Test condition 
H 
, 


Fine leak 


Gross Leak 
Test condition e or K, 
indicator 
fluid/device 
maintained 
at 
100 


0e ±5°e 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3]9 = 0° 
IV! 
0.5[1J 
mcd 
3.0[2J 
mcd 


Subgroup 3 
5 
-~ 


Steady-state-operation 
1027 
IF = 35 mA dc, 340 hours 
life 
TA = 25°e 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3J9 = 0° 
IV! 
0.45[1J 
mcd 
2.7[2J 
mcd 


Subgroup 
4 
Decap internal 
design 
2075 
Test 1 device/O failure 
verification 


- 


Subgroup 
5 


(Not applicable) 


Subgroup 6 
7 
High temperature 
life 
1032 
T A = 100 


0e, 340 hours 


(nonoperating) 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3J9 = 0° 
IVl 
0.45[1J 
mcd 
2.7[2J 
mcd 


Notes: 
1. For IN5765. 
2. For IN6092, 
1N6093, and 1N6094. 


3. 25 mA for IN6094. 


• 


MIL-STD-750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
15 
Physical 
dimensions 
2066 


Subgroup 
2 
10 


Thermal 
shock 
1056 
Test condition A 
(glass strain) 


Terminal 
strength 
2036 
Test condition E 


Hermetic 
seal 
1071 


Fine leak 
Test condition H 


Gross leak 
Test condition C or K, 
indicator 
fluid/device 
maintained 
at 
100°C ± 5°C 


Moisture 
resistance 
1021 
Omit initial conditioning 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3)a = 0° 
IV! 
0.5[1] 
mcd 


3.0[2J 
mcd 


Subgroup 
3 
10 


Shock 
2016 
Nonoperating, 
1500 g's, 


0.5 ms, 5 blows in Xl, 
Y1, Zl orientation 


Vibration, 
variable 
2056 
Nonoperating 
frequency 


Constant 
acceleration 
2006 
20,000 g's Xl, Y1, Zl 
orientation 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3)a = 0° 
IV1 
0.5[1) 
mcd 


3.0[2) 
mcd 


Subgroup 
4 
15 
Salt atmosphere 
1041 


(corrosion) 


Subgroup 
5 


(Not applicable) 


Subgroup 
6 
Steady-state- 
1027 
IF = 35 mA dc, 1000 
operation 
life 
hours, TA = 25°C 


Electrical 
test: 


Luminous 
intensity 
IF = 20 mA dC,[3]a = 0° 
IV1 
0.45[1) 
mcd 


2.7[2) 
mcd 


Mll..·STD· 750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
7 
10 
Peak forward pulse 
tp = 1 p.s, p~s = 300, 
- 


current (transient) 
total test tIme = 5 s, 
Iplr = 1.0 A(pk) 


Electrical test: 


Luminous intensity 
IF = 20 mA dc,!3JI) = 00 
IV! 
0.45[1J 
mcd 
2.7[2J 
mcd 


SubgroupS 
10 
Peak forward pulse 
t = 0.5 ms, 
current (operating) 
PFM:s; 120 mW, TA = 25°C, 
- 


1 
• 
Ip = 60 mA, 500 hours 


'J' 


Electrical test: 


Luminous intensity 
IF = 20 mA dC,[3JI) = 00 
IV! 
0.45[1J 
mcd 
2.7[2J 
mcd 


Notes: 
1. For lN5765. 
2. For lN6092, 
1N6093, and 1N6094. 


3. IF = 25 mA for lN6094. 


Mll..·STD-750 
l 
Limits 
Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
5 
External 
visual 
2071 


F , 
examination 
II 


Subgroup 
2 
5 
Luminous intensity 
IF = 20 mA dc,!3JI) = 00 
IV! 
0.5[1J 
mcd 
3.0[2J 
mcd 


Forward voltage 
DC method: IF = 20 mN31 
VF 
3.0 
Vdc 


Reverse current 
DC method: Va = 3 V dc 
IR 
1.0 
p.Adc 


Subgroup 
3 
5 
Resistance to solvents 
1022 
Omit solution 2.1d 


Subgroup 
4 
5 
Physical dimensions 
2066 


Notes: 
1. For lN5765. 
2. For lN6092, 
1N6093, and 1N6094. 


3. I, = 25 mA for lN6094. 


I 


JAN Qualified Ultra-Bright 
Hermetic Solid State Lamps* 


Features 
• Military Qualified 
• Listed on Mll..-S-19500 QPL 
• Sunlight Viewable with 
Proper 
Contrast 
Enhancement 
Filter 
• Hermetically 
Sealed 
• Choice of Three Colors 
High Efficiency Red 
Yellow 
High Performance Green 
• Low Power Operation 
• IC Compatible 
• Long LifelReliablelRugged 
• Panel Mount 
Configuration 


Description 
The 1N6609, 1N6610, and 
1N6611 are hermetically 
sealed 
solid state lamps in a TO-18 
package with a clear glass lens. 
These hermetic lamps provide 
improved brightness 
over 
conventional hermetic LED 
lamps, excellent on-off contrast, 


and high axiallurninous 
intensity. These LED indicators 
are designed for use in applica- 
tions requiring readability in 
bright sunlight. With a proper 
contrast enhancement 
filter, 
these LED indicators are 
readable in sunlight ambients, 
see Application Note 1015 
Contrast Enhancement 
Techniques 
for LED Displays. 


The panel mount versions 
consist of an LED unit 
permanently 
mounted in an 
anodized aluminum sleeve. 


The 1N6609 utilizes a high 
efficiency red GaAsP on GaP 
LED chip. The 1N6610 uses a 
yellow GaAsP on GaP LED 
chip. The 1N6611 uses a green 
GaP LED chip. 


FhO'l HEWLETT 
~r...•PACKARD 


IN6609 
JANIN6609 
JANTXIN6609 
IN6610 
JANIN6610 
JANTXIN6610 
IN6611 
JANIN6611 
JANTXIN6611 


COLOR 
- PART 
NUMBER 
- LAMP AND PANEL 
MOUNT 
MATRIX 
Controlling 
Standard 
WithJAN 
JANPlus 
MIL-S-19500 
Description 
Product 
Qualificationll) 
TX Testingl2J 
Document!·) 
TABLE A. Hermetic 
TO-IS Part 
Number 
System 


High Efficiency Red 
IN6609 
JAN1N6609 
JANTX1N6609 
/519 
Yellow 
1N6610 
JAN1N6610 
JANTX1N661O 
/520 
Green 
1N6611 
JAN1N6611 
JANTX1N6611 
/521 


TABLE 
B. Panel 
Mountable 
Part 
Number 
System!') 


High Efficiency Red 
HLMP-0364 
HLMP-0365 
HLMP-0366 


(JANM19500/51903) 
(JANTXM 19500/51904) 
/519 
Yellow 
HLMP-0464 
HLMP-0465 
HLMP-0466 
(JANM19500/52003) 
(JANTXM19500/52004) 
/520 
Green 
HLMP-0564 
HLMP-0565 
HLMP-0566 
(JANM19500/52103) 
(JANTXM19500/52104) 
/521 


Notes: 
1. Parts 
are marked 
with JAN part number. 


2. Part. 
are marked 
with JANTXIJTX 
part number. 


3. Panel mountable 
packaging 
incorporate. 
the Table A TO-IS part into a panel mount enclosure. 


4. JAN and JANTX parts only. 


HLMP-0364, 
0464, 0564 
IN6609, 
IN6610, 
IN6611 


~ 
-~~;~::~:} 


f-- 1.52 (.060) 
14.81.583)_1 
I 
1.78(.0701 
f2.7 (3"00) 


CATHODE 
I 
_I 
2.41 (.095) 
2.67 1.1051 


NOTES: 


1. 
THE 
PANElMOUNT 
SLEEVE 
IS BLACK 
ANODIZED 


ALUMINUM. 


2. TIN-lEAD 
LEADS FINISH. GOLD PLATED LEADS 


AVAILABLE 
ON 
REQUeST. 


3. 
ONE 
LOCK 
WASHER 
AND 
ONE 
HEX-NUT 
ARE 
INCLUDED 


WITH EACH PANel 
MOUNT 
LAMP, 


4. USE OF METRIC 
DRILL SIZE 8.20 
MtUlMETRES 
OR 


ENGLISH 
DRIU 
SIZE 
P (.323 
INCHjlS 
RECOMMENDED 
FOR PRODUCING 
HOLE IN THE PANel 
FOR PANEL 
MOUNTING. 
6. ALL DIMENSIONS ARE IN MllLlMETRES 
lINCHESI. 
6. PACKAGE WEIGHT INCLUDING LAMP AND PANel 
MOUNT IS 1.2 - 1.8 GRAMS. NUT AND WASHER IS AN 
EXTRA .6 - 1.0 GRAM. 


0 


4.521.HS) 


~ 
(.022) 
4.83 1.190} DIA. 


1.141.045) 


L-L;f0" , - 
GLASSL'NS 
f 
f 
~~~~S:T~E~~~ 
4,85 (.1921 
GOLD PLATED 


5.46 
(.215) 
--l 
KOVAR 
Y- 
t 


24.6 (.970) 
~ 
(.0161 


262 
jDffif) 
~ 
~ 
,61 
1,024) 


---l ~ ~ 
LQ!!! 
DIA . 


.48 
(.019) 


2,26 lr 
~ 
(.089)- 
'ze~ 


-.-J!! (.035) 
1.14 f.045) 
-l 


10.80~r:·· 


NOTES: 
1. ALL DIMENSIONS 
ARE"IN MllllMETRES 
(INCHES). 


2. GOLD-PLATED KOVAR LEADS. 
3. PACKAGE WEIGHT OF LAMP ALONE IS .25· 
.40 GRAMS. 


I 


High Efficiency 
Red 
Yellow 
Green 
1N6609 
1N6610 
1N6611 


Parameter 
HLMP-0364 
HLMP-0464 
HLMP-0564 
Units 


Power Dissipation 
(derate linearly 
120 
120 
120 
mW 
from 50°C at 1.6 mWrC) 


DC Forward Current 
35[IJ 
35[1J 
35[IJ 
mA 


Peak Forward Current 
60 
60 
60 
mA 


See Fig. 5 
See Fig. 10 
See Fig. 15 


Operating 
and Storage 
-65°C to +100°C 


Temperature 
Range 
• 


Lead Soldering Temperature 
260°C for 7 seconds. 


[1.6 mm (0.063 in.) from body] 


1N6609 
1N6610 
1N6611 
HLMP-0364 
HLMP-0464 
HLMP-0564 


Test 
Symbol 
Description 
Min. Typ. 
Max. 
Min. Typ. 
Max. 
Min. Typ. 
Max. 
Units 
Conditions 


Iv, 
Axial Luminous 
20 
50 
20 
50 
20 I 50 I 
mcd 
4=20mA 
Intensity 
At~= 
25 mA 
Figs. 3, 8, 13 
0=0° 


Included Angle 
20112 
Between Half 
18 
18 
18 
deg. 
Figures 6, 11, 16 


Luminous 
Intensity 
Pointslll 


Ap"AK 
Peak Wavelength 
590 
635 
695 
550 
583 
660 
525 
565 
600 
nm 
Measurement 
at 


Peak 


A. 


d 
Dominant 
626 
585 
570 
nm 
Wavelength!'! 


'to 
Speed of Response 
200 
200 
200 
ns 


C 
Capacitance 
35 
100 
35 
100 
35 
100 
pF 
Vp=O;f=lMHz 


ROJoPIN 
Thennal 
425 
425 
425 
°CfW 
Resistance*I3J 


ROJoPIN 
Thennal 
550 
550 
550 
°CfW 
Resistance**!3J 


Vp 
Forward Voltage 
2.0 
3.0 
2.0 
3.0 
2.1 
3.0 
V 
4=20mA 
Atlp=25mA 
Figures 2,7,12, 


IR 
Reverse Current 
1.0 
1.0 
1.0 
J.!A 
VR= 3V 


BVR 
Reverse Break- 
5.0 
5.0 
5.0 
V 
r. = 100 J.!A 


down Voltage 


11, 
Luminous 
140 
455 
600 
1m!W 
Efficacy'! 


Notes: 
1. 9,,, is the off-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 
2. The dominant 
wavelength, 
A.d' is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which 
defmes the color of the device. 


3. Junction 
to Cathode 
Lead with 3.18 mm (0.125 inch) of leads exposed between base of flange and heat sink. 


4. Radiant 
intensity, 
I•• in watts/steradian. 
may be found from the equation 
I. = 1/11 •• where I. is the luminous 
intensity 
in 
candelas 
and 11. is the luminous 
efficacy in lumens/watt. 
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Figure 
3. Relative 
Luminous 
Intensity 
vs. Forwsrd 
Current. 


Figure 
4. Relative 
Efficiency 
(Luminous 
Intensity 
per 
Unit 
Current) 
vs. Peak 
Current. 
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Figure 
5. Maximum. Tolerable 
Peak Current 
vs. Pulse Duration. 
auc MAX as per MAX 
Ratings). 


Figure 
6. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
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Figure 
7. Forward 
Current 
vs. Forward 
Voltage. 
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Figure 
10. Maximum 
Tolerable 
Peak Current 
vs. Pulse Duration. 
auc MAX as per MAX Ratings). 
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Figure 
8. Relative 
Luminous 
Intensity 
vs. 
Forward 
Current. 


Figure 
9. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 


Figure 
11. Relative 
Luminous 
Intensity 
vs. Angular 
Displacement. 
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Figure 
15. Maximum 
Tolerable 


Peak Current 
vs. Pulse Duration. 
(IDe MAX as per MAX Ratings). 
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Figure 
13. Relative 
Luminous 
Intensity 
vs. Forward 
Current. 
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Figure 
14. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 


Figure 
16. Relative 
Luminous 
Intensity 


vs. Angular 
Displacement. 
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JAN PART: Samples 
of each lot 
are subjected 
to Group A and B 
tests listed below. Every six 
months, 
samples 
from a single 
lot of each part type are 
subjected 
to Group C testing. 


All tests are to the conditions 
and limits specified by the 
appropriate 
MIL-S-19500 
slash 
sheet specification. 


JANTX PART: These devices 
undergo 
100% screening 
tests as 
listed below to the conditions 
and limits specified by the MIL- 
S-19500 slash sheet specifica- 
tion. The JANTX lot has also 
been subjected 
to Group A, B, 
and C sample tests as for the 
JAN PART above. 


Mll..·STD·750 


Examination 
or Test 
Method 
Conditions 


1. High Temperature 
Life 
1032 
TA = + 100°C, Time = 24 hours 


2. Temperature 
Cycling 
1051 
Condition A, T (high) = +100°C 


3. Constant 
Acceleration 
2006 
20,000 g's. Y1 Axis 


4. Fine Leak 
1071 
Condition 
H 


5. Gross Leak 
1071 
Condition 
K, Test Temperature 
= + 100°C 


6. Electrical 
Test 
Iv, VF, and IR, TA = 25°C 


7. Burn-In[lJ 
1015 
IF = 35 mA, TA = 25°C, Time = 96 hours 


8. Final Electrical 
Test 
Same as Step 6 


9. Deltas Determinations 
t.IVl = -20%, VF= ±50 mV 


10. External 
VisuaIfll 
2071 


Note: 
1. MIL-STD-883 Method applies. 


MIL·STD·750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Sym. 
Min. 
Max. 
Unit 


Subgroup 
1 
5 
Visual and mechanical 
2071 
inspection 


Subgroup 
2 
5 
Luminous intensity 
IF = 20 mA dc;['] 
Iv, 
20.0 
mcd 
e = 0° 


Reverse current 
4016 
DC method; VR = 3 V dc 
IR 
1.0 
IJA dc 


Forward current 
4011 
DC method; IF = 20 mA 
VF 
3.0 
V dc 


Subgroup 
3 
10 
High temperature: 
TA = 100°C 


Reverse current 
4016 
DC method; VR = 3 V dc 
IR 
1.0 
IJA dc 


Forward voltage 
4011 
DC method; IF = 20 mAUl 
VF 
3.0 
Vdc 


Low Temperature: 
TA = -55°C 


Reverse current 
4016 
DC method; VR = 3 V dc 
IR 
1.0 
IJA dc 


Forward voltage 
4011 
DC method; IF = 20 mAll] 
VF 
3.0 
Vdc 


Subgroup 
4 
5 
Capacitance 
4001 
VR = 0; f= 1 MHz 
C 
100 
pF 


Subgroups 
5, 6, and 7 
Not applicable 


Note: 
1. IF= 25 mA for 1N6611. 


I 


MIL·STD·750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
15 
Solderability 
2026 


Resistance to solvents 
1022 


Subgroup 
2 
10 


Thermal 
shock 
1051 
Test condition A, 
(temperature 
cycle) 
T (high) = 100°C; 
25 cycles 


Hermetic seal 
1071 
Test condition H 


Fine leak 


Gross Leak 
Test condition C or K, 
leak indicator fluid! 
device maintained 
at 
100°C ±5°C 


Electrical test: 


Luminous intensity 
IF= 20 mA dC,l!]e = 0° 
IV! 
20.0 
mcd 


Subgroup 
3 
5 


Steady-state-operation 
1027 
IF= 35 mA dc, 340 hours, 


life 
TA = 25°C 


Electrical test: 


Luminous intensity 
IF= 20 mA dc,u]e = 0° 
IV! 
18.0 
mcd 


Subgroup 
4 
Decap internal 
design 
2075 
Test 1 device/Ofailure 
verification 


Subgroup 
5 
(Not applicable) 


Subgroup 
6 
7 
High temperature 
life 
1032 
TA = 100°C, 340 hours 
(nonoperating) 


Electrical test: 


Luminous intensity 
IF= 20 mA dc,tlle = 0° 
IV! 
18.0 
mcd 


Note: 
1. IF = 25 mA 
fOT IN6611. 


MIL-STD-750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
15 
Physical dimensions 
2066 


Subgroup 
2 
10 


Thermal shock 
1056 
Test condition A 


(glass strain) 


Terminal strength 
2036 
Test condition E 


Hermetic seal 
1071 


Fine leak 
Test condition H 


Gross leak 
Test condition C or K, 
indicator fluid/device 
maintained 
at 
100°C ±5°C 


Moisture resistance 
1021 
Omit initial conditioning 


Electrical test: 


Luminous intensity 
IF = 20 mA dCPle = 0° 
Iv, 
20.0 
mcd 


Subgroup 
3 
10 


Shock 
2016 
Nonoperating, 1500 g's, 
0.5 ms, 5 blows in Xl, 
Y1, Zl orientation. 


Vibration, variable 
2056 
Nonoperating 
frequency 


Constant acceleration 
2006 
20,000 g's; Xl, Y1, Zl 
orientation 


Electrical test: 


Luminous intensity 
IF = 20 mA dC,l')e = 0° 
Iv, 
20.0 
mcd 


Subgroup 
4 
15 
Salt atmosphere 
1041 
(corrosion) 


Subgroup 
5 
(Not applicable) 


Subgroup 
6 
Steady-state- 
1027 
IF = 35 mA dc, 1000 
operation life 
hours, TA = 25°C 


Electrical test: 


Luminous intensity 
IF = 20 mA dCPle = 0° 
Iv, 
18.0 
mcd 


I 


Mll..-STD-750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 7 
10 
Peak forward pulse 
tp = l11S, p~s = 300, 


current (transient) 
total test time = 5 s, 
Iptr = 1.0 A(pk) 


Electrical test: 


Luminous intensity 
IF = 20 mA dcpl e = 0° 
IVl 
18.0 
mcd 


SubgroupS 
10 
Peak forward pulse 
t = 0.5 ms, 
current (operating) 
PFMs 120 mW, TA = 25°C, 
Ip = 60 mA, 500 hours 


Electrical test: 


Luminous intensity 
I., = 20 mA dCpl e = 0° 
IVl 
18.0 
mcd 


Note: 
1. IF = 25 mA for lN6611. 


Mll..-STD·750 
Limits 


Examination 
or Test 
Method 
Details 
LTPD 
Symbol 
Min. 
Max. 
Unit 


Subgroup 
1 
5 
External visual 
2071 
examination 


Subgroup 2 
5 
Luminous intensity 
IF = 20 mA dC,[lle = 0° 
IVl 
20.0 
mcd 


Forward voltage 
DC method: IF = 20 mAlll 
VF 
3.0 
Vdc 


Reverse current 
DC method: VR = 3 V dc 
IR 
1.0 
lJ.Adc 


Subgroup 3 
5 
Resistance to solvents 
1022 
Omit solution 2.1d 


Subgroup 4 
5 
Physical dimensions 
2066 


Note: 
1. IF = 25 mA for HLMP-0564. 


Fliii'l HEWLETT 
a:~PACKARD 


Solid State Displays 


• Seven Segment Numeric Displays 
• Alphanumeric Displays 
• Hexadecimal Displays 
• Hermetic Displays 


rh~HEWLETT 
a:e.. PACKARD 


Solid State Displays 


Hewlett-Packard's 
line of Solid 
State Displays answers all the 
needs of the designer. From 
small alphanumeric 
displays to 
low cost numeric displays the 
selection is complete. They 
range in sizes from 3 mm (0.15 
inches) to 20 mm (0.8 inches) 
and in colQrs of red, AlGaAs red, 
high efficiency red, yellow, and 
high performance green. 


Hewlett-Packard's 
5 X 7 dot 
matrix alphanumeric 
displays 
are available in several different 
packages; 4, 8, and 16 charac- 
ters, and 3.8 mm (0.15 inches), 5 
mm (0.2 inches), and 6.9 mm 
(0.27 inches) font sizes. All the 
dot matrix displays are 
available in four colors: high 
efficiency red, orange, yellow, 
and green. Many of the newer 
and most popular products are 
also now available in AlGaAs 
Red. Standard 
Red is also 
available in many of the 
products. This wide diversity of 
packages, font heights, and 
colors mean solutions for your 
diverse applications. 


Many new additions are now 
available to HP's alphanumeric 
display line. In the intelligent 
display family look for the 
HDSP-250X large font (0.27 
inches) eight digit, HDSP-253X 
medium font (0.2 inches) eight 
digit displays. For high 
performance, 
the HCMS-29XX 
small and medium font (0.15 
inches and 0.20 inches) four, 
eight, and sixteen digit displays. 
For your hi-reliability 


applications the HDSP-665X 
medium font (0.20 inches) four 
character hermetic displays are 
also available. These new 
products double the intelligent 
alphanumeric 
displays avail- 
able. They give each customer a 
wider choice of new products to 
design into medical equipment, 
avionics, telecommunications, 
computer products, industrial 
or 
office equipment applications. 


Also part of HP's alphanumeric 
display line is the large (0.68 
inches and 1.04 inches) 5 X 7 
dot matrix alphanumeric 
display family. This family 
offers standard 
red, high 
efficiency red, AlGaAs red, and 
high performance green colors. 
Viewing distance is excellent. 
You can read the 1.04 inch 
character font at up to 18 
meters (12 meters for the 0.68 
inch display). Applications for 
these large 5 X 7 displays 
include industrial 
machinery 
and process controllers, 
weighing scales, computer tape 
drives, and transportation. 


Hewlett-Packard 
also features a 
broad line of numeric seven 
segment displays. Included are 
low cost, standard red displays 
to high light ambient displays 
producing 7.5 mcd/segment. 
HP's 0.3 inches, 0.4 inches, 0.43 
inches, 0.56 inches, and 0.8 
inches, characters 
can provide a 
solution to every display need. 
HP's product offering includes 
0.4 inches and 0.56 inches dual 
digit displays and a line of small 


package, bright 0.3 inches 
displays - the 0.3 inches 
Microbright. HP's broad line of 
numeric seven segment displays 
is ideal for electronic instrumen- 
tation, industrial, 
weighing 
scales, point-of-sale terminals, 
game machines, and appliance 
applications. 
Included in HP's 


line of numeric seven segment 
displays is the Double Hetero- 
junction AlGaAs red low current 
sunlight viewable display 
family. This family is available 
in the 0.3 inches Mini 0.4 
inches, 0.43 inches, 0.56 inches, 
and 0.8 inches package sizes. 
These AlGaAs numeric displays 
are very bright at low drive 
currents - typical intensity 
of 


650 mcd/segment 
at 1 TON 
segment drive. These displays 
are ideal for battery operated 
and other low power 
applications. 


NEW Products! 
Seven 
Segment 
Displays 
Black Surface 
Seven 


Segment 
Displays 
These devices use industry 
standard 
size package and 
pinout. 
They are available 
with 


a black surface finish. 
All 
devices are available 
as either 


common anode or cathode. 


Orange Color Seven Segment 
Displays 
These devices are designed 
with 
industry 
standard 
size packages 


and pinouts 
and utilize Hewlett- 


Packard's 
GaP to achieve a 
bright orange color. They have 


been added to two (2) Seven 
Segment 
Display family 
of 
products 
(10 mm Seven Segment 
Displays; 
78 mm mtra-Mini 
Seven Segment 
Displays). 
New 
orange products 
(14.2 mm, 20 
mm) to be introduced 
sJwrtly. 
Contact your local Field 
Engineer for more up-to-date 
information. 


Ultra 
Mini 8mm (0.31" 
Seven 
Segment 
Displays 
The 8 mm (0.31 inch) LED seven 
segment displays 
are HP's most 
space-efficient 
character size. 
They are designed for viewing 
distances 
up to 3 metres (10 
feet). The numeric 
devices 
feature a right hand decimal 
point. All devices are available 
as either common anode or 
common cathode. 


Alphanumeric 
Displays: 


CMOS 5x7 Small 
Alphanumeric 
Displays 
Three 5X7 dot matrix alphanu- 
meric displays 
come in four, 
eight and sixteen character 
packages. 
The four character 
(HCMS-270X 
series) is a dual 
in-line 12pin plastic package. 
The on-board 
CMOS lCs form a 
28 bit shift register. The eight 
character (HCMS-271X 
Series) 
is a dual in-line plastic package 
with 26 pin positions. 
The on- 
board CMOS lCs form a 56 bit 
shift register. The sixteen 
character (HCMS-272X 
series) 
are assembled 
by enclosing two 
HCMS-271X 
devices in a com- 
mon lens assembly 
forming 
two 


rows of eight characters. 
The 
plastic package had two dual in- 
line rows of 26 pin positions for 
a total of 52 pin positions. 
The 
two on-board CMOS lC 56 bit 
shift registers for each row are 
electrically separate from each 
other. The on-board CMOS lCs 
form serial input shift registers 
with constant 
current output 
LED row drivers. Decoded 
column data is clocked into the 
shift registers for each refresh 
cycle. Full character display 
is 
accomplished 
with external 
column strobing at a refresh rate 
of 100 Hz or faster. 


All of these display devices may 
be end stacked in the X-direction 
to form a strong of characters 
if 
desired length. 


High 
Performance 
CMOS 5x7 
Alphanumeric 
Displays 
The HCMS-29XX 
series are high 
performance, 
easy to use dot 
matrix displays 
driven by on- 
board CMOS lCs. Each display 
can be directly interfaced 
with a 
microprocessor, 
thus eliminating 
the need for cumbersome 
interface components. 
The serial 
lC interface allows higher 
character count information 
displays 
with a minimum 
of 
data lines. A variety of colors, 
font heights, and character 
counts gives designers a wide 
range of product cJwices for their 
specific applications 
and the 
easy to read 57pixel format 
allows the display of uppercase, 
lower case, Katakana, 
and 


custom -user defined characters. 
These displays 
are stackable 
in 
the X- and y- directions, 
making 
them ideal for high character 
count displays. 


8 Character 
5 mm and 
7 mm 
Smart 
Alphanumeric 
Displays, 
0.27 inches 
A new size (7 mm, 0.27 inches) 
has been added to our existing 8 
Character 5 mm Smart Alpha- 
numeric 
Display family. 
These 
devices are 8-digit, 5X7 dot 
matrix alphanumeric 
displays 
and are all packaged 
in a 
standard 
15.24 mm (Ol6 inch) 
28 pin dual-inline 
package. 
The 
products 
are designed for 
standard 
microprocessor 
interface techniques. 
The display 
and special features 
are accessed 
through a bidirectional 
8-bit 
data bus. 


8 Character 
5 mm Smart 
Alphanumeric 
Displays 
The HDSP-253X 
series is ideal 
for applications 
where display- 
ing eight or more characters 
of 
dot matrix information 
in an 
aesthetically 
pleasing 
manner 
is 
required. 
They are eight digit, 
5X7 dot matrix, alphanumeric 
displays. 
Seven brightness 
levels 
provide 
versatility 
versatility 
in 
adjusting 
the display 
intensity 
and power consumption. 
They 
are designed for standard 
micro- 
processor interface techniques. 
The display 
and special features 
are accessed through a bidirec- 
tional eight-bit data bus. 


I 


Page 


Device 
PIN 
Description 
Color 
Typically 
No. 


role'¥ HDSP-U001 
Common Anode 'Right Hand Decimal, Gray Surface 
Red 
1100 j!cd 
4-45 


role'¥ HDSP-UOO3 
Common Cathode Right Hand Decimal, Gray Surface 
@2OmA 
[I 


1'1e'" HDSP-U011 
Common Anode Right Hand Decimal, Black Surface 
role~ HDSP-U013 
Common Cathode Right Hand Decimal, Black Surface 


role~ HDSP-U101 
Common Anode Right Hand Decimal, Gray Surface 
AIGaAs Red 
6OOj!cd 
1'Ie~ 
HDSP-U103 
Common Cathode Right Hand Decimal, Gray Surface 
@lmA 
role"! HDSP-U111 
Common Anode Right Hand Decimal, Black Surface 
tole'" HDSP-Ull3 
Common Cathode Right Hand Decimal, Black Surface 
I 
role~ HDSP-U201 
Common Anode Right Hand Decimal, Gray Surface 
High 
980j!cd 
role"! HDSP-U203 
Common Cathode Right Hand Decimal, Gray Surface 
Efficiency 
@5mA 
tole~ 
HDSP-U211 
Common Anode Right Hand Decimal, Black Surface 
Red 
role"! HDSP-U213 
Common Cathode Right Hand Decimal, Black Surface 


tole~ 
HDSP-U301 
Common Anode Right Hand Decimal, Gray Surface 
Yenow 
480j!cd 
tole~ 
HDSP-U303 
Common Cathode Right Hand Decimal, Gray Surface 
@lmA 
role'" HDSP-U311 
Common Anode Right Hand Decimal, Black Surface 
role¥! HDSP-U313 
Common Cathode Right Hand Decimal, Black Surface 


role~ HDSP-U501 
Common Anode Right Hand Decimal, Gray Surface 
Green 
3OOOj!cd 


role~ HDSP-U503 
Common Cathode Right Hand Decimal, Gray Surface 
@10mA 
role~ HDSP-U511 
Common Anode Right Hand Decimal, Black Surface 


role'" HDSP-U513 
Common Cathode Right Hand Decimal, Black Surface 


8.0 mm (0.31 in.) 
! 
Common Anode Right Hand Decimal, Gray Surface 
Orange 
Dual-in-Line 
role~ HDSP-U401 
980j!cd 


0.43' H x 0.28' W 
role~ HDSP-U403 
Common Cathode Right Hand Decimal, Gray Surface 
@5mA 


x 0.20' D 
role~ HDSP-U411 
Common Anode Right Hand Decimal, Black Surface 
role~ HDSP-U413 
Common Cathode Right Hand Decimal, Black Surface 


Page 
Device 
PIN 
Description 
Color 
Typical Iy 
No. 


~ 
!'le~ HDSP-A011 
Common Anode Right Hand Decimal 
Red 
1100 llcd@2OmA 
4-20 
+ 
+ 
!'leW HDSP-A013 
Common Cathode Right Hand Decimal 
+8+ 
I 
.,. 
+ 
!'le~ HDSP-A211 
Common Anode Right Hand Decimal 
High Efficiency 
980 llcd @ 5 mA 


.,. 
0'" 
!'leW HDSP-A213 
Common Cathode Right Hand Decimal 
Red 
+ 
+ 
~ 
I 
!'le~ HDSP-A111 
Common Anode Right Hand Decimal 
AJGaAs Red 
600 llcd @ 1 mA 


!'leW HDSP-Al13 
Common Cathode Right Hand Decimal 


7.62 mm (0.30 in.) 
I 
Mini DuaI-in-Line 
!'le"! HDSP-A511 
Common Anode Right Hand Decimal 
Green 
3000 llcd @ 10 mA 


0.5' H x 0.3' W x 0.24' D 
!'leW HDSP-A513 
Common Cathode Right Hand Decimal 


I 
Common Anode Right Hand Decimal 
Red 
1200 llcd @ 20 mA 
!'le~ 
HDSP-F011 
I 


!'leW HDSP-F013 
Common Cathode Right Hand Decimal 
I 
Common Anode Right Hand Decimal 
High Efficiency 
1200 llcd@5mA 
!'le'~ HDSP-F211 
!'leW HDSP-F213 
Common Cathode Right Hand Decimal 
Red 


t 
!'leV: HDSP-F111 
Common Anode Right Hand Decimal 
AlGaAs Red 
650 llcd @ 1 mA 


t'1eWHDSP-F113 
Common Cathode Right Hand Decimal 
I 
!'le~ 
HDSP-F161 
Common Anode Right Hand Decimal 
AlGaAs Red 
15.0 mcd @2O mA 
t'1eW HDSP-F163 
Common Cathode Right Hand Decimal 
10.16 mm (0.40 in.) 
t'1e~ HDSP-F511 
DuaI-in-Line (Single Dig~) 
Common Anode Right Hand Decimal 
Green 
3500 llcd @ 10 mA 
0.51' H x 0.39' W x 0.25' D 
t'1eW HDSP-F513 
Common Cathode Right Hand Decimal 


~ 


t'1eJ HDSP-G011 
Two Dig~ Common Anode Right Hand 
Red 
1200 llcd @ 20 mA 
I 
Decimal 
!'lei 
HDSP-G013 
Two Dig~ Common Cathode Right Hand 
Decimal 


!'leJ HDSP-G211 
Two Dig~ Common Anode Right Hand 
High Efficiency 
1200 llcd@ 
5 mA 


I 
Decimal 
Red 
!'lei 
HDSP-G213 
Two Dig~ Common Cathode Right Hand 
Decimal 
! 
Two Dig~ Common Anode Right Hand 
!'lei 
HDSP-G111 
AJGaAs Red 
650 llcd @ 1 mA 


Decimal 
!'lei 
HDSP-Gl13 
Two Dig~ Common Cathode Right Hand 
Decimal 


!'leJ 
HDSP-G161 
Two Dig~ Common Anode Right Hand 
AJGaAs Red 
15.0 mcd@2OmA 
I 
Decimal 
!'lei 
HDSP-Gl63 
Two Dig~ Common Cathode Right Hand 
Decimal 


I 
Two Dig~ Common Anode Right Hand 
Green 
3500 llcd @ 10 mA 
!'leW HDSP-G511 
10.16 mm (0.40 in.) 
I 
Decimal 
DuaI-in-Line (Dual Digh) 
t'1ej HDSP-G513 
Two Digit Common Cathode Right Hand 
0.51' H x 0.39' W x 0.25' D 
Decimal 


Page 
Device 
PIN 
Description 
Color 
Typical I. 
No. 


f'le~ 
HDSP-HOll 
Common Anode Right Hand Decimal 
Red 
1300 lLcd @ 20 mA 
4-20 


B 


f'le~ 
HDSp·H013 
Common Cathode Right Hand Decimal 


I 
Common Anode Right Hand Decimal 
HER 
2800 lLcd@ 10 mA 
f'le~ 
HDSP-H211 
[J.. 
f'lew HDSP-H213 
Common Cathode Right Hand Decimal 


f'le~ 
HDSP-Hlll 
Common Anode Right Hand Decimal 
AlGaAs 
700 lLcd @ 1 mA 
f'le~ 
HDSP-Hl13 
Common Cathode Right Hand Decimal 
Red 
14.2 mm (0.56 in.) 
! 
DuaJ·in·Line (Single Dig~) 
f'le~ 
HDSP-H161 
Common Anode Right Hand Decimal . 
AlGaAs 
16.0 mcd @ 20 mA 
0.67' H x 0.49" W x 0.31" D 
f'le~ 
HDSp·Hl63 
Common Cathode Right Hand Decimal 
Red 


f'le"': HDSp·H511 
Common Anode Right Hand Decimal 
Green 
2500 lLcd@ 10 mA 
f'le~ 
HDSp·H513 
Common Cathode Right Hand Decimal 


! 
Two Dig~ Common Anode Right Hand Decimal 
Red 
1300 lLcd @ 20 mA 
f'le~ 
HDSp·KOll 
18,SI 


f'le~ 
HDSP-K013 
Two Dig~ Common Cathode Right Hand Decimal 


f'le~ 
HDSp·K211 
Two Dig~ Common Anode Right Hand Decimal 
HER 
2800 lLcd @ 10 mA 
f'le"; HDSP·K213 
Two Dig~ Common Cathode Right Hand Decimal 


f'le~ 
HDSP-Kl11 
Two Digit Common Anode Right Hand Decimal 
AIGaAs 
700 lLcd @ 10 mA 
f'le1HDSP-Kl13 
Two Dig~ Common Cathode Right Hand Decimal 
Red 
14.2 mm (0.56 in.) 
DuaI-in-Line (Dual Dig~) 
f'le~ 
HDSP-K511 
Two Dig~ Common Anode Right Hand Decimal 
Green 
2500 lLcd @ 10 mA 
0.67'Hxl.0"W 
xO.31"D 
f'le1HDSP-K513 
Two Dig~ Common Cathode Right Hand Decimal 


,..-- 
+ 
+ 
.•.<? 0+ 
+=0 + 
+ 
0+ 
+ 
+ 
- 


7.62 mm (0.30 in.) 
Mini Dual-in-Line 
0.5" H x 0.3" W x 0.24" D 


10.16 mm (0.40 in.) 
Dual-in-Line (Single Dig~) 
0.51" H x 0.39" W x 0.25" D 
- 
+ 
... 
u:. 


+ a 
+=O~ 
+ a 
~ 


+ 
0 


+ 
+ 
- 


10.92 mm (0.43 in.) 
Dual-in-Line 
0.75" H x 0.5" W x 0.25" D 


;----; 
U=$ 
~D=O~ 
L-..! 


PIN 


HDSP-Al0l 
HDSP-Al03 
HDSP-Al07 
HDSP-Al08 


HDSP-7511 
HDSP-7513 
HDSp·7517 
HDSP-7518 


Description 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode ±1. Overflow 
Common Cathode ±1. Overflow 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode ±1. Overflow 
Common Cathode ±1. Overflow 


HDSP-A801 
Common Anode Right Hand Decimal 
HDSP-A803 
Common Cathode Right Hand Decimal 
HDSp·A807 
Common Anode ±1. Overflow 
HDSP-A808 
Common Cathode ±1. Overflow 


HDSp·A901 
Common Anode Right Hand Decimal 
HDSp·A903 
Common Cathode Right Hand Decimal 
HDSP-A901 
Common Anode ±1. Overflow 
HDSP-A908 
Common Cathode ±1. Overflow 


Color 
Typical ~ 


AlGaAs Red 
600 J,I.Cd@ 1 mA 


High 
Efficiency 
Red 


HDSP-Fl0l 
Common Anode Right Hand Decimal 
AlGaAs Red 
650 J,I.Cd@ 1 mA 
HDSP-Fl03 
Common Cathode Right Hand Decimal 
HDSP-Fl07 
Common Anode ±1. Overflow 
HDSP-Fl08 
Common Cathode ±1. Overflow 
HDSP-Gl01 
Two Dig~Common Anode Right Hand Decimal 
HDSP-Gl03 
Two Dig~Common Cathode Right Hand Decimal 


HDSp·El00 
Common Anode Left Hand Decimal 
HDSP-El0l 
Common Anode Right Hand Decimal 
HDSP-El03 
Common Cathode Right Hand Decimal 
HDSP-El08 
Universal ±1. Overflow 


HDSP-3350 
Common Anode Right Hand Decimal 
HDSP·3351 
Common Cathode Right Hand Decimal 
HDSP-3353 
Common Anode ±1. Overflow 
HDSP-3356 
Common Cathode ±1. Overflow 


High 
Efficiency 
Red 


Page 
No. 
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Device 
PIN 
Descrtptlon 
Color 
Typical ~ 
No. 


HDSP-H101 
Common Anode Right Hand Decimal 
AlGaAs Red 
7001Wd@1 
mA 
4-30 


[S ~ 


HDSP-H103 
Common Cathode Right Hand Decimal 
HDSP-H107 
Common Anode ±1. Overflow 


=0 


HDSP-H108 
Common Cathode ±1. Overflow 
HDSP-K121 
Two Dig~ Common Anode Right Hand Decimal 
••• ? 
HDSP-K123 
Two Dig~ Common Cathode Right Hand Decimal 


HDSP-5551 
Common Anode Right Hand Decimal 
High 
3701Wd@2mA 
HDSP-5553 
Common Cathode Right Hand Decimal 
Efficiency 
HDSP-5557 
Common Anode ±1. Overflow 
Red 
14.2 mm (0.56 in.) 
HDSP-5558 
Common Cathode ±1. Overflow 
Dual-in-Una (Single Dig~) 
HDSP-K701 
Two Dig~ Common Anode Right Hand Decimal 
0.67' H x 0.49' W x 0.31' D 
HDSP-K703 
Two Dig~ Common Cathode Right Hand Decimal 


¥Bj 


• 
+ 
HDSP-N100 
Common Anode Left Hand Decimal 
AlGaAs Red 
5901Wd@1 
mA 


~ a ~ 


HDSP-N101 
Common Anode Right Hand Decimal 


+ 
+ :oa~ 


HDSP-N103 
Common Cathode Right Hand Decimal 


+ 
+ 
HDSP-N105 
Common Cathode Left Hand Decimal 
+ 
+ 
• 
+ 
+0 
o+- 
+ 
O' 
HDSP-N106 
Universal ± 1. Overflow 


20 mm (0.8 in.) 
Dual-in-Line 
1.09' H x 0.78' W x 0.33' D 


I' 


Page 


Device 
PIN 
Description 
Color 
Typical" 
No. 


HDSP-7301 
Common Anode Right Hand Decimal 
Red 
1100 1100 
4-53 


",-- 
r--- 
HDSP-7302 
Common Anode Right Hand Decimal, Colon 
@20mA 
+ 
+ 
+ 
+ 


f+8+ 
+<(?0+ 
HDSP-7303 
Common Cathode Right Hand Decimal 


+ 
+ 
:c=) 00: 
HDSP-7304 
Common Cathode Right Hand Decimal, Colon 


+ 
0+ 
HDSP-7307 
Common Anode ±1. Overflow 
+ 
+ 
+ 
+ 
'--- 
- 
HDSP-7308 
Common Cathode ±1. Overflow 


HDSP-A151 
Common Anode Right Hand Decimal 
AlGaAs Red 
14mcd 
HDSP-Al53 
Common Cathode Right Hand Decimal 
@20mA 
HDSP-A157 
Common Anode ±1. Overflow 
HDSP-A158 
Common Cathode ±1. Overflow 


HDSP-7501 
Common Anode Right Hand Decimal 
High 
9801100 
HDSP-7502 
Common Anode Right Hand Decimal, Colon 
Efficiency 
@5mA 
HDSP-7503 
Common Cathode Right Hand Decimal 
Red 
HDSP-7504 
Common Cathode Right Hand Decimal, Colon 
HDSP-7507 
Common Anode ±1. Overflow 
HDSP-7508 
Common Cathode ±1. Overflow 


HDSP-7401 
Common Anode Right Hand Decimal 
Yenow 
480j1cd 
HDSp-7402 
Common Anode Right Hand Decimal, Colon 
@5mA 
HDSP-7403 
Common Cathode Right Hand Decimal 
HDSP-7404 
Common Cathode Right Hand Decimal, Colon 
HDSp-7407 
Common Anode ±1. Overflow 
HDSP-7408 
Common Cathode ±1. Overflow 


HDSP-7801 
Common Anode Right Hand Decimal 
Green 
30001100 
HDSP-7802 
Common Anode Right Hand Decimal, Colon 
@10mA 
7.62 mm (0.3 in.) 
HDSP-7803 
Common Cathode Right Hand Decimal 
Microbright 
HDSP-7804 
Common Cathode Right Hand Decimal, Colon 
Dual-in-Line 
HDSP-7807 
Common Anode ±1. Overflow 
0.5' H x 0.3' W x 024' 
D 
HDSP-7808 
Common Cathode ±1. Overflow 
I 


Page 
Device 
PIN 
Description 
Color 
Typlcal~ 
No. 


HDSP-FOO1 
Common Anode Right Hand Decimal 
Red 
1200 ~cd 
4·70 
i~ 
~ 


HDSp·FOO3 
Common Cathode Right Hand Decimal 
@20mA 
HDSP-FOO7 
Common Anode ±1. Overflow 


+c.c:J 0 
HDSP-FOO8 
Common Cathode ±1. Overflow 


'H 
HDSP-GOO1 
Two Dign Common Anode Right Hand Decimal 
HDSP-G003 
Two Dign Common Calhode Right Hand Decimal 


HDSP-F151 
Common Anode Right Hand Decimal 
AlGaAs Red 
15.0 mcd 


HDSP-F153 
Common Cathode Right Hand Decimal 
@20mA 
HDSp·F157 
Common Anode ± 1. Overflow 
HDSP-F158 
Common Cathode ±1. Overflow 
HDSP-G151 
Two Dign Common Anode Right Hand Decimal 
HDSP-G153 
Two Dign Common Calhode Right Hand Decimal 


HDSp·F201 
Common Anode Right Hand Decimal 
High 
1200 ~cd 


HDSP-F203 
Common Cathode Right Hand Decimal 
Efficiency 
@5mA 
HDSP-F207 
Common Anode ±1. Overflow 
Red 
HDSP-F208 
Common Cathode ±1. Overflow 
HDSP-G201 
Two Dign Common Anode Right Hand Decimal 
HDSP-G203 
Two Dign Common Calhode Right Hand Decimal 


HDSP-F401 
Common Anode Right Hand Decimal 
Orange 
1200 ~cd 


HDSP-F403 
Common Cathode Right Hand Decimal 
@5mA 
HDSP-F407 
Common Anode ±1. Overflow 
10.16 mm (0.4 in.) 
HDSP-F408 
Common Cathode ±1. Overflow 
Dual-in-Line (Single Dign) 
HDSP-G401 
Two Dign Common Anode Right Hand Decimal 
0.51' H x 0.39' W x 0.25' D 
HDSP-G403 
Two Dign Common Calhode Right Hand Decimal 


HDSP-F301 
Common Anode Right Hand Decimal 
Yenow 
800~ 


+- 
•..•.•..•..•.•.•.•. 
HDSP-F303 
Common Cathode Right Hand Decimal 
@5mA 
a a 


HDSP-F307 
Common Anode ±1. Overflow 
HDSP-F308 
Common Cathode±1. 
Overflow 
HDSP-G301 
Two DignCommon Anode Right Hand Decimal 


++++ 
.•.••.•• 
HDSP-G303 
Two Dign Common Cathode Right Hand Decimal 


HDSP-F501 
Common Anode Right Hand Decimal 
Green 
35OO~cd 


HDSP-F503 
Common Cathode Right Hand Decimal 
@10mA 


HDSP-F507 
Common Anode ±1. Overflow 
10.16 mm (0.4 in.) 
HDSP-F508 
Common Cathode ±1. Overflow 
Dual-in-Line (Two Dign) 
HDSP-G501 
Two DignCommon Anode Right Hand Decimal 
0.67' H x 0.90' W x 0.25' D 
HDSP-G503 
Two Dign Common Cathode Right Hand Decimal 


- 
.. 
.. 


.• 
+ 


~If. 
+0 n.• 
.. 
~ 


+ 
+ 
- 


7.62 mm (0.3 in.) 
Dual-in-Line 
0.75" H x 0.4" W x 0.18" D 


+ 
+ 


~ a 
ff: 
+= 
+ a 
0+ 
+ 
0 
+ 
+ 


10.92 mm (0.43 in.) 
Dual-in-Line 
0.75" H x 0.5" W x 0.25" D 


PIN 


5082·7730 
5082·7731 
5082·7740 
5082·7736 


5082·7610 
5082·7611 
5082·7613 
5082·7616 


5082·7620 
5082·7621 
5082·7623 
5082-7626 


HDSP·3600 
HDSp·3601 
HDSp·3603 
HDSP·3606 


5082·7750 
5082-7751 
5082·7760 
5082·7756 


HDSp·E15O 
HDSp·E1Sl 
HDSp·El53 
HDSp·El56 


5082·7650 
5082·7651 
5082·7653 
5082·7656 


5082-7660 
5082-7661 
5082·7663 
5082·7666 


HDSp-46oo 
HDSP·4601 
HDSP·4603 
HDSp·4606 


Description 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal ±1. Overflow Right Hand Decimal 


High 
Efficiency 
Red 


High 
Efficiency 
Red 


Typically 


770 IJ.Cd 


@20mA 


8OO1J.Cd 


@SmA 


6201J.Cd 


@SmA 


2700 l1ed 
@10mA 


15.0 med 
@20mA 


83Sl1ed 
@SmA 


4000 l1ed 
@10mA 
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No. 


- 
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Device 
PIN 
DescrlpUon 
Color 
Typical I. 
No. 


HDSP-5301 
Common Anode Right Hand Decimal 
Red 
1300 llcd 
4-80 


[BJ~ 


HDSP-5303 
Common Cathode Right Hand Decimal 
@20mA 
HDSP-5307 
Common Anode ±1. Overflow 
HDSP-5308 
Common Cathode ±1. Overflow 


Q;j. - 
.~. 
HDSP-5321 
Two Dig~ Common Anode Right Hand Decimal 
HDSP-5323 
Two Dig~ Common Cathode Right Hand Decimal 


HDSP-H151 
Common Anode Right Hand Decimal 
AlGaAs Red 
16.0mcd 


HDSP-Hl53 
Common Cathode Right Hand Decimal 
@20mA 
HDSP-H157 
Common Anode ±1. Overflow 
, 
HDSP-Hl58 
Common Cathode ±1. Overflow 
HDSP-K121 
Two Dig~ Common Anode Right Hand Decimal 
HDSP-K123 
Two Dig~ Common Cathode Right Hand Decimal 


HDSP-5501 
Common Anode Right Hand Decimal 
High 
2S00 llcd 


HDSP-5503 
Common Cathode Right Hand Decimal 
Efficiency 
@10mA 


HDSP-5507 
Common Anode ±1. Overflow 
Red 
14.2 mm (0.56 in.) 
HDSP-550S 
Common Cathode ±1. Overflow 
Dual-in-Line (Single Dig~) 
HDSP-5521 
Two Dig~ Common Anode Right Hand Decimal 
0.67" H x 0.49" W x 0.31" D 
HDSP-5523 
Two Dig~ Common Cathode Right Hand Decimal 


HDSP-5701 
Common Anode Right Hand Decimal 
Yellow 
1800 llcd 


HDSP-5703 
Common Cathode Right Hand Decimal 
@10mA 


HDSP-5707 
Common Anode ±1. Overflow 
'g)fj 


HDSP-570S 
Common Cathode ±1. Overflow 
HDSP-5721 
Two Digit Common Anode Right Hand Decimal 
go,go 


HDSP-5723 
Two Dig~ Common Cathode Right Hand Decimal 


HDSP-5601 
Common Anode Right Hand Decimal 
Green 
2500 llcd 


HDSP-5603 
Common Cathode Right Hand Decimal 
@10mA 


HDSP-5607 
Common Anode ±1. Overflow 
14.2 mm (0.56 in.) 
HDSP-5608 
Common Cathode ±1. Overflow 
Dual-in-Line (Two Dig~) 
HDSP-5621 
Two Dig~ Common Anode Right Hand Decimal 
0.67" H x to" W x 0.31" D 
HDSP-5623 
Two Digit Common Cathode Right Hand Decimal 


HDSP-3400 
Common Anode Left Hand,Decimai 
Red 
1200 llcd 
4-a9 
19 


.,. 
. 
HDSP-3401 
Common Anode Right Hand Decimal 
@20mA 


: a m 


HDSP-3403 
Common Cathode Right Hand Decimal 
HDSP-3405 
Common Cathode Left Hand Decimal 
FOa: 
HDSP-3406 
Universal ±1. Overflow Right Hand Decimal 
. 
. 
-0 
0+ 
• 
o· 
HDSP-Nl50 
Common Anode Left Hand Decimal 
AlGaAs Red 
14.0mcd 


HDSP-N151 
Common Anode Right Hand Decimal 
@20mA 


HDSP-Nl53 
Common Cathode Right Hand Decimal 
HDSP-Nl55 
Common Cathode Left Hand Decimal 
HDSP-Nl56 
Universal ± 1. Overflow Right Hand Decimal 


HDSP-3900 
Common Anode Left Hand Decimal 
High 
7000 llcd 


HDSP-3901 
Common Anode Right Hand Decimal 
Efficiency 
@l00mA 


HDSP-3903 
Common Cathode Right Hand Decimal 
Red 
peak 1/5 Duly 


HDSP-3905 
Common Cathode Left Hand Decimal 
Factor 


HDSP-3906 
Universal ±1. Overflow Right Hand Decimal 


HDSP-4200 
Common Anode Left Hand Decimal 
Yellow 
7000 llcd 


HDSP-4201 
Common Anode Right Hand Decimal 
@l00mA 


20 mm (O.Sin.) 
HDSP-4203 
Common Cathode Right Hand Decimal 
peak 1/5 Duly 


Dual-in-Line 
HDSP-4205 
Common Cathode Left Hand Decimal 
Factor 


1.09' H x 0.7S" W x 0.33' D 
HDSP-4206 
Universal ±1. Overflow Right Hand Decimal 


Page 


Device 
PIN 
Description 
Color 
Typlcel 
~ 
No. 


(See previous page) 
HDSp-8600 
Common Anode Left Hand Decimal 
Green 
1500 I1cd 
4-89 


HDSP-8601 
Common Anode Right Hand Decimal 
@10mA 


HDSP-8603 
Common Cathode Right Hand Decimal 
HDSp-8605 
Common Cathode Left Hand Decimal 


HDSP-8606 
Universal ±1. Overflow Right Hand Decimal 
, 


Typlcel 
~@ 
l00mAPeak 
Page 


Device 
PIN 
Description 
1/5 Duty Factor 
No. 
- 
HDSP-3530 
High Efficiency Red, Common Anode, LHDP 
7100 I1cd/seg 
, 


: 0:::0: B 


HDSP-3531 
High Efficiency Red, Common Anode, RHDP 
HDSP-3533 
High Efficiency Red, Common Cathode, RHDP 


"LO. 
~O: 
HDSP-3536 
High Efficiency Red, Universal Polarity Overflow Indicator, RHDP 
, . 
~ 
0 
c; 
- 
HDSP-4030 
YeDow, Common Anode, LHDP 
4500 IJ.Cdlseg 


7.62 mm (0.3 in.) 
HDSP-4031 
Yellow, Common Anode, RHDP 
Dual-in-Line 
HDSp-4033 
Yellow, Common Cathode, RHDP 
0.75' H x 0.4' W x 0.18' D 
HDSp-4036 
Yellow, Universal Polarity Overflow Indicator, RHDP 
. 
. · 
, 
HDSP-3730 
High Efficiency Red, Common Anode, LHDP 
10900 l1cd!seg 
. =~ 
: a 0: 
HDSP-3731 
High Efficiency Red, Common Anode, RHDP 
: U= . 
-j.c==:::J 0+ 
HDSP-3733 
High Efficiency Red, Common Cathode, RHDP 


:U=O: 
• a 
• 
HDSP-3736 
High Efficiency Red, Universal Polarity Overflow Indicator, RHDP 


• 
0 
0 
~ 
~ · 
. 


HDSP-4130 
Yellow, Common Anode, LHDP 
5000 I1cd/seg 
10.92 mm (0.43 in.) 
HDSp·4131 
Yellow, Common Anode, RHDP 
Dual-in-Line 
HDSP-4133 
Yellow, Common Cathode, RHDP 
0.75' H x 0.5' W x 025' 
D 
HDSp-4136 
YeUow, Universal Polarity Overflow Indicator, RHDP 
[S [;!J 


HDSp·5531 
High Efficiency Red, Common Anode, RHDP 
6000 l1cd!seg 
HDSP-5533 
High Efficiency Red, Common Cathode, RHDP 
HDSP-5537 
High Efficiency Red ±1. Common Anode 
=0 
HDSp·SS38 
High Efficiency Red ±1. Common Cathode 


••.9 
HDSp·S731 
Yenow, Common Anode, RHDP 
5500 l1cd!seg 
14.2 mm (0.56 in.) 
HDSP-S733 
Yellow, Common Cathode, RHDP 
Dual-in-Line 
HDSP-S737 
Yellow, ±1. Common Anode 
0.67" H x 0.49' W x 0.31' D 
HDSp·S738 
Yellow, ±1. Common Cathode 


OpUon 
Description 
Page No. 


Option SOl 
Intensity and Color Selecled Displays 
, 


OptionS02 
Option S20 


Page 


Device 
PIN 
Description 
Color 
Application 
No. 


HDSp·2110 
5.0 mm (0.2 in.) 
Orange 
• Medical 
4-135 


HDSp·2111 
5 x 7 Eight Charader 
YeUow 
• Telecommunications 


+ '+ + t + + 
++++ 
.• + 
HDSp·2112 
Intelligent Display 
High Efficiency Red 
• Analytical Equipment 
!OOOOOOOO 


HDSp·2113 
Operating Temperature 
Green 
• Computer Produds 
HDSp·2107 
Range: 45°C to +85°C 
AIGaAs Red 
• Office Equipment 


t++tt+t+++++++ 
HDSp·2121 
HDSp·211X ASCII 
YeDow 
• Industrial Equipment 
HDSp·2122 
HDSp·212X Katakana 
High Efficiency Red 


HDSp·2123 
Green 


role~ 
HDSP·2500 
15.24 mm (0.6 in.) 28 pin 
Orange 
• Computer Pe~ 
role~ 
HDSp·2501 
DIP, ASCII 5 x 7 Eight 
Yenow 
• Industrial Instrumentation 


role~ 
HDSp·2502 
Charader 
Intelligent Display 
High Efficiency Red 
• Medical Equipment 
roleW HDSp·2503 
Operating Temperature 
Green 
• Portable Data Entry Devices 


to O:q:g.q:g:OOI 


Range: 45°C to +85°C 
• Cellular Phones 
• Telecommunications 
• Test Equipment 


role'\' 
HDSp·2530 
5.0 mm (0.2 in.) Eight 
Orange 
• Avionics 
4-151 
role~ 
HDSp·2531 
Charader 
Intelligent Display 
YeDow 
• Computer Peripherals 
I 
I role~ 
HDSP·2532 
Operating Temperature 
High Efficiency Red 
• Industrial Instrumentation 


00000000 
role~ 
HDSp·2533 
Range: -40°C to +85°C 
Green 
• Medical Equipment 
role~ 
HDSP·2534 
AlGaAs Red 
• Portable Data Entry Devices 
• Telecommunications 
• Test Equipment 


~ 


HDLA·2416 
5.0 mm (0.2 in.) 
Orange 
• Portable Data Entry Devices 
4-123 


HDLG·2416 
5 x 7 Four Charader 
Green 
• Industrial Instrumentation 


HDLo-2416 
Intelligent Display 
High Efficiency Red 
• Computer Peripherals 
HDLR·2416 
Operating Temperature 
Red 
• Telecommunications 
role'\' 
HDL8-2416 
Range: -40°C to +85°C 
AlGaAs Red (SV) 
role~ 
HDLU·2416 
AlGaAs Red (LP) 
HDLY·2416 
YeUow 


~~ 


HPDL·1414 
2.85 mm (0.112 in.) 
Red 
• Portable Data Entry Devices 
4·166 
HPDL·2416 
4.1 mm (0.16 in.) 
Red 
• Medical Equipment 
1&-Segment Four Charader 
• Industrial Instrumentation 


Monol~hic Intelligent Display 
• Computer Peripherals 
Operating Temperature 
• Telecommunications 
Range: -40°C to +85°C 


HCMS·2000 
3.8 mm (0.15 in.) 5 x 7 Four 
Red 
• Computer Terminals 
4-178 


Ef~1 


HCMS·2001 
Charader 
Display 12 pin 
Yellow 
• Business Machines 
I 
I 
I 
I 
I 
, 
, 
I 
'+1 
It-I 
I + I 
,+, 
HCMS·2002 
Ceramic DIP 7.6 mm (0.30 in.) 
High Efficiency Red 
• Portable, Hand·held or 
~_~ 
~_; 
~_1 
~_1 


HCMS·2003 
Operating Temperature 
Green 
Mobile Data Entry, Read-ou1, 


HCMS·2004 
Range: -40°C to +85°C 
Orange 
or Communications 


HCMS·2300 
5.0 mm (0.20 in.) 5 x 7 Four 
Red 
• Avionics 
I:': 
','.f,' ~'-;' 
~'-: I 
HCMS·2301 
Charader 
Display 12 pin 
YeDow 
• Ground Support, Cockp~, 
, 
, , 
" 
" 
, 


~-)~L)~L·)J L·~ 


HCMS·2302 
Ceramic DIP 6.35 mm 
High Efficiency Red 
Shpboard Systems 


HCMS·2303 
(0.250 in.) 
Green 
• Medical Equipment 


HCMS·2304 
Operating Temperature 
Orange 
• Industrial and Process Control 


Range: -40°C to +85°C 
• Computer Peripherals and 


Terminals 


I 


Page 
Device 
PIN 
Description 
Color 
Appllcetlon 
No. 


rle~ 
HCMS-2700 
1 Row of 4 Characters 
Standard Red 
• Telecommunications 
4-97 


10000 


1 


rle~ 
HCMS-2701 
3.8 mm (0.15 in.) 5 x7 Dol 
YeUow 
• Instrumentation 
rle~ 
HCMS-2702 
Matrix, Full ASCII 
HER 
• Medicatlnstrumentation 
rle~ 
HeMS-2703 
Character Set 
Green 
• Business Machines 
rle~ 
HeMS-2704 
Orange 


rle~ 
HCMS-2710 
1 Row of 8 Characters 
Standard Red 


1000000001 


rle~ 
HeMS-2711 
YeUow 
rle~ 
HeMS-2712 
HER 
rle~ 
HCMS-2713 
Green 
rle1 
HCMS-2714 
Orange 


rle~ 
HCMS-272O 
2 Rows of 8 Characters 
Standard Red 


00000000 
rl e"f HCMS-2721 
Yellow 
rle~ 
HCMS-2722 
HER 


00000000 
rle~ 
HCMS-2723 
Green 
rle~ 
HCMS-2724 
Orange 


rle~ 
HCMS-2901 
1 Row of 4 Characters 
Yenow 
• Telecommunications 
4-107 


[00001 


rle~ 
HCMS-2902 
3.8 mm (0.15 in.) 5 x 7 Dol 
HER 
• Portable Data Entry Devices 
rl eYf HCMS-2903 
Matrix Fully Integrated 
Green 
• Computer Peripherals 
rl eYf HCMS-2904 
Serial·in Display 
Orange 
• Medical Equipment 
rle~ 
HCMS-2905 
AJGaAs 
• Test Equipment 
• Business Machines 
rle~ 
HCMS-2911 
1 Row of 4 Characters 
Yellow 
• Avionics 


100 0 0 0 0 0 01 


rl eYf HCMS-2912 
3.8 mm (0.15 in.) 
HER 
• Industrial Controls 
rle~ 
HCMS-2913 
Green 
rle~ 
HCMS-2914 
Orange 
rle~ 
HCMS-2915 
AJGaAs 


Ne~ 
HCMS-2921 
2 Rows of 8 Characters 
Yenow 


00000000 
Ne~ 
HCMS-2922 
3.8 mm (0.15 in.) 
HER 
rle~ 
HCMS-2923 
Green 


00000000 
Ne~ 
HCMS-2924 
Orange 
Ne~ 
HCMS-2925 
AJGaAs 


Ne~ 
HCMS-2961 
1 Row of 4 Characters 
Yenow 


10000 


1 


Ne~ 
HCMS-2962 
5.0 mm (0.20 in.) 
HER 
NeYf HCMS-2963 
Green 
NeYf HCMS·2964 
Orange 
rle~ 
HCMS-2965 
AJGaAs 


Ne~ 
HCMS-2971 
1 Row of 8 Characters 
Yellow 


10000000 
D] 


rle~ 
HCMS-2972 
5.0 mm (0.20 in.) 
HER 
Ne"f 
HCMS-2973 
Green 
Ne~ 
HCMS-2974 
Orange 
NeW HCMS-2975 
AJGaAs 


Page 


Device 
PIN 
Description 
Color 
Application 
No. 


HDSp·2490 
6.9 mm (0.27 in.) 5 x 7 Four 
Red 
• High Brightness Ambient 
. 


Ilr---1 


,.---, 
r--I 
i- 


u 
1! 
Character Alphanumeric 
Systems 
, 
, 
, . 
, 
, 
HDSP·2491 
28 Pin Ceramic 15.24 mm 
Yellow 
• Industrial and Process 
L ••• J 
L. __J 
(0.6 in.) DIP w~h untinted glass 
Control 


0.._-' 


HDSP-2492 
lens 
High Efficiency Red 
• Computer Peripherals 
• Ground Suppcrt Systems 


19~99 99 9~9 9QQ 9Q 
I 
HDSP-2493 
Operating Temperature 
High Performance 
Range: -20°C to +85°C 
Green 
For further information see 
Application Note 1016. 
00 m 


HDSP-6504 
3.8 mm (0.15 in.) Sixteen 
Red 
• Computer Teiminals 


Segment Four Character 
• Hand Held Instruments 


Aphanumeric 22 Pin 15.2 mm 
• In-Plant Control Equipment 


(0.6 in.) DIP 
• Diagnostic Equipment 


HDSP-6508 
3.8 mm (0.15 in.) Sixteen 
Segment Eight Character 
Alphanumeric 26 Pin 15.2 mm 
(0.6 in.) DIP 


n 


- 
HDSP-6300 
3.56 mm (0.14 in.) 
• Computer Peripherals and 


" 
" 


Sixteen Segment Eight 
Terminals 


" . 
Character Alphanumeric 
• Computer Base Emergency 
· 
" 
" 
" 
" 
i 


26 Pin 15.2 mm (0.6 in.) DIP 
Mobile Units 
""" 
• Automotive Instrument 
·· 


D 
· 


D 
Panels 
· 


D 
· 


D 


- 
• Desk Top Calculators 
• Hand-Held Instruments 
19 
For,further information ask 
for Application Note 931. 


Page 


Device 
PIN 
Description 
Color 
Application 
No. 


m 
~ 


HDSP-6621 
Single Line 16 Character 
114.30 mm (4.50 in.) 
• Computer Peripherals 
. 


Display Board Utilizing the 
lx3O.48 
mm 
• Telecommunications 


HPDl-1414 
(1.20 in.) H x 
• Industrial Equipment 


8.12mm (0.32 in.) D 
• Instruments 


IJ 
~ 


HDSP-6624 
Single linG 32 Character 
223.52 mm (8.80 in.) 
Display Board Utilizing the 
l x 58.42 mm (2.30 in.) 
HPDl-2416 
H x 15.92 mm 
(0.62 in.) D 


·Conlad 
your JocaI Hewlett-Packard 
sales representati'le 
for information regarding !his prodUd. (Sea section 9.) 
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Page 
Device 
PIN 
Description 
Color 
Package 
Typically 
No. 


'OOc5C5O 


HDSP-4701 
Common Row Anode 
Red 
17.3 mm (0.68 in.) 
770 J.lCd!dot100 mA 
4-186 


00000 
HDSp-4703 
Common Row Cathode 
Red 
Dual·in·Line 
peak 1/5 Duty Factor 


00000 
HDSp·L101 
Common Row Anode 
AlGaAs Red 
0.70 in. H x 
1650 J.lCd!dot10 mA 


00000 
HDSp·L103 
Common Row Cathode 
AlGaAs Red 
0.50 in. Wx 
peak 1/5 Duty Factor 
00000 
00000 
HDSP·L201 
Common Row Anode 
High Efficiency Red 
0.26 in. D 
2800 J.lCd!dot50 mA 
.Q.QQQ9 
peak 1/5 Duty Factor 


HDSp-5401 
Common Row Anode 
Green 
4000 J.lCd!dot50 mA 


HDSp-5403 
Common Row Cathode 
Green 
peak 1/5 Duty Factor 


HDSp-4401 
Common Row Anode 
Red 
26.5 mm (1.04 in.) 
800 J.lCd!doll00 mA 


00000 
HDSP-4403 
Common Row Cathode 
Red 
Dual·in·Line 
peak 1/5 Duty Factor 
00000 
HDSp·Ml0l 
Common Row Anode 
AlGaAs Red 
1.10 in. H x 
1850 J.lCd!dot10 mA 
00000 
HDSp·Ml03 
Common Row Cathode 
AlGaAs Red 
0.79 in. W x 
peak 1/5 Duty Factor 
00000 
00000 
HDSP-4501 
Common Row Anode 
High Efficiency Red 
0.25 in. D 
3500 J.lCd!dot50 mA 


00000 
HDSP-4503 
Common Row Cathode 
High Efficiency Red 
peak 1/5 Duty Factor 


00000 
HDSP-5101 
Common Row Anode 
Green 
4500 J.lCd!dot50 mA 


HDSp-5103 
Common Row Cathode 
Green 
peak 1/5 Duty Factor 


Page 
Device 
PIN 
Description 
Package 
Application 
No. 


5082-7300 
Numeric RHDP 
8 Pin Epoxy 
General Purpose MariIsI 
4-193 
(A) 
Built~n DecoderlDrlverlMemory 
15.2mm 
• Test Equipment 
[QJ[QJ 


.. 
.. 
(0.6 in.) DIP 
• Business Machines 
.. 
.. 
.... 
.... 
5082-7302 
Numeric LHDP 
• Computer Peripherals 
.. 
.. 
.. 
.. 
(B) 
Built·in DecoderlDriverlMemory 
• Avionics 
.... 
.... 
. . 
5082-7340 
Hexadecimal 


(C) 
Built~n DecoderlDrlverlMemory 
(A) 
(B) 
nnnn 
5082-7304 
Over Range ±1 
[QJ 


· 
(D) 
. . 
. · 
..:.. · 
5082-7356 
Numeric RHDP 
8 Pin Glass 
• Medical Equipment 
4-197 
· 
. · 
(A) 
Built-in DecoderlDriverlMemory 
Ceramic 
• Industrial and Process 
·· 
15.2mm 
Control Equipment 
. 
5082-7357 
NumericLHDP 
(0.6 in.) DIP 
• Computers 


LJLJLJLJ 
(B) 
Built·in DecoderlDriverlMemory 
• Where Ceramic Package 
(e) 
(0) 
ICs are required 


7.4 mm (0.29 in.W 


5082-7359 
Hexadecimal 
• High Reliability 
(C) 
Built-in DecoderlDriverlMemory 
App~caIiOllS 


4 x 7 Single 
5082-7358 
Over Range ±1 
Dig~ 
(D) 


• 


. 
:.- 


Page 
Device 
PIN 
Descrfptlon 
Package 
Application 
No. 


HDSp·0760 
Numeric RHDP 
High Efficiency 
• MiI~ary Equipment 
4-202 
fQJLJ 


(A) 
Buill·in DecoderlDriverlMemory 
Red Low Power 
• Ground Support 


Equpment 
.. 
.. 
HDSP-0761 
NumericLHDP 
• Avionics 
.. 
.. 
.... 
.... 
(B) 
Built-in DecoderlDriverlMemory 
• High Reliabil~ 
.. 
.. 
.. 
.. 
Applicalions 
.... 
.... 
. . 
HDSP-0762 
Hexadecimal 
(C) 
Buill-in DecoderlDriverlMemory 


(A) 
(B) 
HDSP-0763 
Over Range±l 
~~~~ 
(D) 


LJ 


· 
. . 
. · 
HDSP-0770 
Numeric RHDP 
High Efficiency 
• High Brightness 
· 
.... · 
(A) 
Built-in DecoderlDriverlMemory 
Red High 
Ambient Systems 
. ·· 
Brightness 
• Cockp~, Shptloard 
·. 
HDSP-0771 
Numeric LHDP 
Equpment 
(B) 
Buill-in DecoderlDriverlMemory 
• High Reliability 


LILJLILI 
Applications 
(e) 
(0) 
HDSP-0772 
Hexadecimal 
(C) 
Buill-in DecoderlDriverlMemory 


HDSP-0773 
Over Range ±1 
(D) 


7.4 mm (0.29 in.) 
HDSP-0860 
Numeric RHDP 
Yellow 
• Business Machines 


4 x 7 Single Dig~ 
(A) 
Built-in DecoderlDriverlMemory 
• Fire Control Systems 


Package: 
• Mil~ary Equipment 


8 Pin Glass Ceramic 
HDSP-0861 
NumericLHDP 
• High Reliability 
15.2 mm (0.6 in.) DIP 
(B) 
Buill-in DecoderlDriverlMemory 
Applications 


HDSP-0862 
Hexadecimal 
(C) 
Buill-in DecoderlDriverlMemory 


HDSP-0863' 
Over Range±l 
(D) 


HDSP-0960 
Numeric RHDP 
High 
• Business Machines 


(A) 
Buill-in DecoderlDriverlMemory 
Performance 
• Fire Control Systems 


Green 
• Mil~ary Equipment 


HDSP-0961 
Numeric LHDP 
• High Reliability 
(B) 
Built-in DecoderlDriverlMemory 
Applications 


HDSP-0962 
Hexadecimal 
(C) 
Buill-in DecoderlDriverlMemory 


HDSP-0963 
Over Range ±1 
(D) 


Pub!. 
Device 
PIN 
Description 
Package 
Application 
No. 


5082-7404 
2.79mm (0.11 in.) Red, 
12 Pin Epoxy, 
Small Display Markel 
- 
r:o:m 


4 Digits, Centered D.P. 
7.62mm 
• PortableA3altery 
(0.3 in.) DIP 
Power Instruments 
• Portable Calculators 
5082-7405 
2.79 mm (0.11 in.) Red, 
14 Pin Epoxy, 
• Dig~a1Counters 
5 Digits, Centered D.P. 
7.62mm 
• Dig~a1Thermometers 


~ 


(0.3 in.) DIP 
• Dig~a1Micrometers 
• Stopwalches 
5082-7414 
2.79 mm (0.11 in.) Red, 
12 Pin Epoxy, 
-Cameras 
4 Dig~s, RHDP 
7.62mm 
• Copiers 
(0.3 in.) DIP 
• Dig~a1Telephone 
Peripherals 
5082-7415 
2.79 mm (0.11 in.) Red, 
14 Pin Epoxy, 
• Dala Entry Terminals 
5 Dig~s, RHDP 
7.62mm 
• Taxi Meters 
(0.3 in.) DIP 
For further information ask 
- 
5082-7432 
2.79 mm (0.11 in.) Red, 
12 Pin Epoxy, 
for Applicalion Note 937. 
o:D 


2 Dig~s, Right, RHDP 
7.62mm 
(0.3 in.) DIP 
, 


5082-7433 
2.79mm(0.11 
in.) Red, 
3 Dig~s, RHDP 


Black Surface Seven Segment 
Displays 


Features 
• Black Surface and Color 
Tinted Epoxy 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
• Choice of Character 
Size 
7.6 mm (0.30 in.), 10 mm 
(0.40 in.), 14.2 mm (0.56 in.) 
• Choice of Colors 
Red, AlGaAs Red, High 
Efficiency Red (HER), Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
±50o Viewing Angle 


• Design Flexibility 
Common Anode or Common 
Cathode 
Single and Two Digit 
• Categorized 
for Luminous 
Intensity 
Categorized 
for Color: Green 
Use of Like Categories 
Yields 
a Uniform Display 
• Excellent 
for Long Digit 
String Multiplexing 


Description 
These devices use industry 
standard 
size package and 
pinout. Available 
with black 
surface finish. All devices are 


HDSP·AXll/·AX13 Series 
HDSP·FXll/·FX13 
Series 


HDSP·GXll1·GX13 Series 
HDSP·HXll/·HX13 Series 
HDSP·KXll1·KX13 Series 
• 


available 
as either common 
anode or common cathode. 


Typical applications 
include 
appliances, 
channel 
indicators 


of TV, CATV converters, 
game 


machines, 
and point of sale 
terminals. 


AlGaAs 
Red 
Red 
HER 
Green 
Package 


HDSP· 
HDSP· 
HDSP· 
HDSP- 
Description 
DraWing 


AOll 
All 1 
A211 
A511 
7.6 mm Common Anode Right Hand 
Decimal 
A 


A013 
All 3 
A213 
A513 
7.6 mm Common 
Cathode 
Right Hand 
Decimal 
B 


FOIl 
FIll 
F211 
F511 
10 mm Common Anode Right Hand 
Decimal 
C 


F013 
Fll3 
F213 
F513 
10 mm Common 
Cathode 
Right Hand Decimal 
D 


GOll 
GIll 
G211 
G511 
10 mm Two Digit Common Anode Right Hand Decimal 
E 


G013 
Gll3 
G213 
G513 
10 mm Two Digit Common Cathode 
Right Hand 
Decimal 
F 


HOll 
HIll 
H211 
H511 
14.2 mm Common Anode Right Hand Decimal 
G 


H013 
Hll3 
H213 
H513 
14.2 mm Common 
Cathode 
Right Hand Decimal 
H 


KOll 
KIll 
K211 
K511 
14.2 mm Two Digit Common Anode Right Hand Decimal 
I 


K013 
Kll3 
K213 
K513 
14.2 mm Two Digit Common 
Cathode 
Right Hand 
Decimal 
J 


,~,BL 
J~ 


,.27 


1.0501 


5.08 
(.200) 


lr':~~~' 


MI' 
1.27 


-I1.OSOI 


• 
--r 
.50" 


X ~ I 
T 
1(.0201 
X 
N 
---i 
TVP. 


;:: 
_-I. 
f 
~~ 
---. 


~} 


L2'" 
p 
5.08 
l. 100; TV . 


1.2001 
3.81 


609 
(.1501 


(.2401 
MIN 


9.91 


1.390' 
• The Side View of package 


REF. 
indicates Country of Origin. 


LUMINOUS 
INTENSITY 
CATEGORY 


FUNCTION 


PIN 
A 
B 


1 
ANODE!') 
CATHODEI'] 


2 
CATHODEf 
ANODEf 


3 
CATHODEg 
ANODEg 


4 
CATHODEe 
ANODEe 


5 
CATHODEd 
ANODEd 
6 
ANODE!') 
CATHODE!') 


7 
CATHODEDP 
ANODE 
DP 
8 
CATHODEc 
ANODE c 


9 
CATHODE 
b 
ANODE b 


10 
CATHODE. 
ANODE. 
I 
NOTES: 
1. ALL DIMENSIONS 
IN MILLIMETERS 
(INCHES). 


2. MAXIMUM. 
3. ALL UNTOLERANCED 
DIMENSIONS 
ARE FOR REFERENCE 
ONLY. 


4. REDUNDANT 
ANODES. 


5. REDUNDANT 
CATHODES. 
6. FOR HDSP·A511/·A513 
ONLY. 


12,90:!: 0,50 


to 508 
:!: 0.020\ 


+ 


ffi 


025 
__ 


10.0101 
~ 


7.62 
(0300) 


~O---.- 
10.16 
8 
10.400), 
6---- 


I 


DATE CODE 


__ 
_ 
429MIN 
1_ 
1016. MI' J 


C. D 
eThe 
Side View of package 
indicates Country of Origin. 


FUNCTION 


PIN 
C 
D 


1 
ANODE!') 
CATHODE!5] 


2 
CATHODE' 
ANODE' 
3 
CATHODE 
a 
ANODE a 


4 
CATHODE 
e 
ANODEe 


5 
CATHODE 
d 
ANODEd 


6 
ANODE!') 
CATHODE!') 
7 
CATHODEDP 
ANODE DP 
8 
CATHODEc 
ANODEc 
9 
CATHODEb 
ANODEb 


10 
CATHODE. 
ANODE. 


NOTES: 
1. ALL DIMENSIONS 
IN MILLIMETERS 
(INCHES). 


2. ALL UNTOLERANCED 
DIMENSIONS 
ARE FOR REFERENCE 
ONLY. 


3. FOR HDSP-F511/-F513 
ONLY. 


4. REDUNDANT 
ANODES. 


5. REDUNDANT 
CATHODES. 


I 
1'"1' 


18 
17 
1615 
14 
13 
1211 
10 


I 
#7 ~I 
u nTn 
10.1' 
17.02! 0.2S 
-n'fDA-m- 
10.400) 1°67TOl01 


9rT 
C:ftJ1" 


'I 
,I 


,2~4(~~~g' 7 8 9 
3.56TYP. (0':'1 


(0.140) 


5.59 


(0.220) 


(~~9:) 
MAX. 


r 


4.29 
MIN. 


0.169 


I-I 


15.24 


_~I 


LUMINOUS 
INTENSITY 
CATEGORY 


DATE 
CODE 
I 
II 


1.14 
~~I 
--U---O.51 (0.020) TYP, 


(0.045) 


- 
2.54 (Q.l00TVP.) 


NOTES: 
1. DIMENSIONS 
ARE 
IN MILUMETERS 
(INCHES). 


2. ALL 
UNTOLERANCEO 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 


3. FOR HDSP~511J-G513 
ONLY. 


FUNCTION 


PIN 
E 
F 


1 
E CATHODE 
NO 1 
EANODENO.1 


2 
D CATHODE 
NO.1 
DANODE 
NO.1 


3 
C CATHODE 
NO.1 
CANODE 
NO.1 
4 
DP CATHODE 
NO.1 
DP ANODE 
NO.1 


5 
E CATHODE 
NO.2 
EANODENO.2 


6 
D CATHODE 
NO.2 
D ANODE 
NO. 
2 


7 
G CATHODE 
NO.2 
GANODE 
NO.2 


8 
C CATHODE 
NO.2 
CANODE 
NO.2 
9 
CP CATHODE 
NO.2 
DP ANODE 
NO.2 


10 
B CATHODE 
NO.2 
BANODE 
NO.2 


11 
A CATHODE 
NO.2 
A ANODE 
NO.2 


12 
F CATHODE 
NO.2 
F ANODE 
NO. 2 


13 
DIGIT 
NO.2 
ANODE 
DIGIT 
NO.2 
CATHODE 
14 
DIGIT 
NO.1 
ANODE 
DIGIT 
NO.1 
CATHODE 


15 
B CATHODE 
NO.1 
B ANODE 
NO. 
1 


16 
A CATHODE 
NO.2 
A ANODE 
NO. 
1 


17 
G CATHODE 
NO.1 
GANODE 
NO.1 


18 
F CATHODE 
NO.1 
F ANODE 
NO. 
1 


r--O.450 
IN. 


<t 
I 
o 
0 
0 
0 
? 
0 
0 
0 
0--- 
au ~ 
Dlj- 
c:::/ 0 


o 
01 0 
0 
0 


~-I 


<t 


I 


0.600 IN. 


_----J 
8.00 I 
254 


: 
(.315) 
j 
1:010) 


I 
---l 
TVP 
cr'~l 
1.6001 


- 
~ 


J686L 
- 
1.270) 


14.22 
10,561Ii 


FUNCTION 


PIN 
G 
H 


1 
CATHODE. 
ANODE. 


2 
CATHODEd 
ANODEd 
3 
ANODEf3} 
CATHODEI"] 
• 
CATHOOEc 
ANODE c 
5 
CATHODE 
OP 
ANODE 
DP 


8 
CATHODE 
b 
ANODE 
b 


7 
CATHODE. 
ANODe. 
8 
ANODEI') 
CATHODE!"] 
• 
CATHODE' 
ANODE I 
•• 
CATHODE. 
ANODE • 
• 


lUMINOUS 
INTENSITY 
CATEGORY 


NOTes: 
•. All 
DIMENSIONS 
IN MtWMETERS 
IINCHES~ 
2. ALL 
UNTOlERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY. 


3. REDUNDANT 
ANODes. 


.c. REDUNDANT 
CATHODES 
• 
5. FOR HDSP-H511/-H513 
ONLY. 


G.H 


• The End View of package indicates 
Country of Origin. 


H/ 


0" 
SlOE VIEW 
7.80 
1 
800 
(::;'1 
(,3151 


18 17 16 151413121110 


j ...L 
.481 
(.2701 
(.1911 
TV' 
6.150 
1.2421 


FUNCTION 


PIN 
I 
J 


1 
E CATHODE 
NO 1 
EANODENO.l 


2 
o CATHODE 
NO.1 
o ANODE 
NO. 
1 
, 
C CATHODE 
NO.1 
CANODENO.l 
• 
DP CATHODE 
NO.1 
OP ANODE 
NO.1 
5 
E CATHODE 
NO.1 
EANOOE 
NO.2 
• 
o CATHODE 
NO.2 
D ANODE 
NO.2 


7 
G CATHODE 
NO.2 
G ANODE 
NO. 2 
8 
C CATHODE 
NO.2 
CANOCE 
NO.2 
• 
OP CATHODE 
NO.2 
DP ANODE 
NO.2 


1. 
B CATHODE 
NO.2 
BANODENO.2 


11 
A CATr+oDE 
NO.2 
A ANODE 
NO. 2 


12 
F CATHODE 
NO.2 
F ANODE 
NO. 2 


13 
DIGIT NO.2 
ANODE 
DIGIT NO.2 
CA mODE 
•• 
DIGIT NO. 1 ANODE 
DIGIT NO.2 
CA mODE 
•• 
B CATHODE 
NO. 2 
B ANODE 
NO. 1 
,. 
A CATHODE 
NO. 1 
A ANODE 
NO. 1 


17 
G CATHODE 
NO. 1 
GANODE 
NO. 1 


.8 
F CATHODE 
NO.1 
F ANODE 
NO. 1 


NOTES: 
1. All 
DIMENSIONS 
IN MllUMETERS 
(!NatES). 
2. All 
UNTOlERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. FOR HDSP-K511/-K$13 
ONLY. 


Red 
AlGaAsRed 
HER 
Green 
HDSP-XOIX 
HDSP·XllX 
HDSP-X21X 
HDSP-X51X 
Description 
Series 
Series 
Series 
Series 
Units 


Average Power per Segment 
82 
37 
105 
105 
mW 
orDP 


Peak Forward 
Current 
per 
150[1) 
45[3) 
901:4] 
9(6) 
mA 
Segment 
or DP 


DC Forward 
Current 
per 
25(2) 
15[8) 
3(5) 
3(7) 
mA 
Segment 
or DP 


Operating 
Temperature 
Range 
-40 to +100 
-20 to +100 
-40 to +100 
°C 


Storage Temperature 
Range 
-55 to +100 
°C 


Reverse Voltage per 
3.0 
V 
Segment 
or DP 


Lead Solder Temperature 
for 
260 
°C 
3 Seconds (1.60 mm [0.063 in.] 
below seating 
plane) 


Notes: 
1. See Figure 
1 to establillh 
pulsed conditions. 
2. Derate 
above BO"Cat 0.63mA/"C(see Figure 2). 
3. See Figure 
11 to establish 
pulsed conditions. 


4. See Figure 
10 to establish 
pulsed conditions. 


5. Derate 
above 53"Cat 0.45mA/"C(see Figure 12). 


6. See Figure 
11 to establish 
pulsed conditions. 


7. Derate 
above 39°Cat 0.37mA/"C(see Figure 12). 


8. Derate 
above 91°Cat 0.53mA/"C(see Figure 6). 


Electrical/Optical 
Characteristics 
at TA = 25°C 


Red 


Device 
-:' 


Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


AOIX 
Luminous 
IntensitylSegment[I.2] 
Iv 
600 
1100 
I1cd 
IF=20mA 
(Digit Average) 
500 
IF= 10mA 


FOIX, GOIX 
650 
1200 
IF= 20mA 


HOIX,KOIX 
600 
1300 
IF= 20mA 


1400 
IF = 100 mA Peak: 
1/5 Duty Factor 


All 
Forward 
VoltagelSegment 
or DP 
VF 
1.6 
2.0 
V 
IF=20mA 
Devices 
Peak Wavelength 
ApEAK 
655 
nm 


Dominant 
Wavelength[31 
I...J 
640 
nm 


Reverse 
VoltagelSegment 
or DP!41 
VR 
3.0 
12 
V 
IR = 100 l1A 


Temperature 
Coefficient 
of 
!N~OC 
-2 
mV/oC 
V~egment 
or DP 


AOIX 
Thermal 
Resistance 
LED 
R8J_P1N 
200 
0C!W/ 
Junction-to-Pin 
Seg. 


FOIX, GOIX 
320 


HOIX,KOIX 
345 
I 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


A11X 
Luminous 
IntensitylSegment[l·21 
Iv 
315 
600 
I1cd 
IF= 
1 mA 
(Digit Average) 
3600 
IF= 5mA 


F11X, G11X 
330 
650 
IF= 
1 mA 


3900 
IF= 5mA 


H11X, K11X 
400 
700 
IF= 1 mA 


4200 
IF=5mA 


All 
Forward 
VoltagelSegment 
or DP 
VF 
1.6 
2.0 
V 
IF= 
1 mA 
Devices 
1.7 
IF= 5mA 


1.8 
22 
IF = 20 mA Peak 


Peak Wavelength 
ApEAK 
645 
nm 


Dominant 
Wavelength[31 
Ad 
637 
nm 


Reverse 
VoltagelSegment 
or Dp!41 
VR 
3.0 
15 
V 
IR = 100 l1A 


Temperature 
Coefficient 
of 
t.V~oC 
-2 
mV/oC 
V~egment 
or DP 


AllX 
Thermal 
Resistance 
LED 
R6J_P1N 
255 
°CIW/ 
Junction-to-Pin 
Seg. 
F11X,G11X 
320 


H11X,KI2X 
-. 
. 
400 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


A21X 
Luminous 
IntensitylSegment[l·2l 
Iv 
360 
980 
~cd 
IF= 5mA 
(Digit Average) 
5390 
IF = 20 mA 


F21X, G21X 
420 
1200 
IF= 5mA 


H21X, K21X 
900 
2800 
IF= 10 mA 


3700 
IF = 60 mA Peak: 
1/6 Duty Factor 


All 
Forward 
VoltagelSegment 
or DP 
VF 
2.0 
2.5 
V 
IF= 20mA 
Devices 
Peak Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelength[3l 
"-d 
626 
nm 


Reverse 
VoltagelSegment 
or DP[4] 
VR 
3.0 
30 
V 
IR = 100 ~A 


Temperature 
Coefficient 
of 
!,yF/oC 
-2 
mY/DC 
Vr!SegITlent or DP 


A21X 
Therinal 
Resistance 
LED 
R9J.P1N 
200 
°CIW/ 
Junction-to-Pin 
Seg. 


F21X, G21X 
320 


H21X, K21X 
345 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


A51X 
Luminous 
IntensitylSegment[I,2J 
Iv 
860 
3000 
~cd 
IF = 10 mA 
(Digit Average) 
6800 
IF= 20 mA 


F51X, G51X 
1030 
3500 
IF = 10 mA 


H51X, K51X 
900 
2500 
IF= 10 mA 


3100 
IF = 60 mA Peak: 
1/6 Duty Factor 


All 
Forward 
VoltagelSegment 
or DP 
VF 
2.1 
2.5 
V 
IF = 10 mA 
Devices 
Peak Wavelength 
APEAK 
566 
nm 


Dominant 
Wavelength[3,5J 
"-d 
571 
577 
nm 


Reverse 
VoltagelSegment 
or Dp[4l 
VR 
3.0 
50 
V 
IR = 100 ~A 


Temperature 
Coefficient 
of 
!,yF/oC 
-2 
mY/DC 
VFlSegment 
or DP 


A51X 
Thermal 
Resistance 
LED 
R9J.P1N 
200 
°CIW/ 
Junction-to-Pin 
Seg. 


F51X, G51X 
320 


H51X, G51X 
345 


Notes: 
1. Case temperature 
of device immediately prior to the intensity measurement is 25°C. 
2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 
3. The dominant wavelength, Ad, is derived from the ClE chromaticity diagram and is that single wavelength which defines the 


color of the device. 
. 


4. Typical specification for reference only. Do not exceed absolute maximum ratings. 
5. Green (HDSP-A51X1F51X1G51X!H512X1K51X)series displays are categorized for dominant wavelength. The category is 


designated by a number adjacent to the luminous intensity category letter. 


lp - PULSE DURATION 
- 
J,LS 


Figure 
1. Maximum 
Tolerable 
Peak Current 
vs. Pulse Duration 
- Red. 
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Figure 
2. Maximum 
Allowable 
DC Current 
vs. 


Ambient 
Temperature. 
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OPERATION 
IN THIS 
REGION REOUIRES 
TEMPERATURE 
DERATING 
OF IDC 
MAXIMUM 
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Figure 
5. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit Current) 
vs. Peak Current. 
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Figure 
6. Maximum 
Allowable 
Average 
or DC Current 
V8.Ambient 
Temperature. 


Figure 
8. Relative 
Luminous 
Intensity 
V8.DC Forward 
Current. 


OPERATION 
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Figure 
9. Relative 
Efficiency 
(Luminou8 


Intensity 
per Unit Current) 
VB.Peak 
Current. 


OPERATION 
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Figure 
12. Maximum 
Allowable 
DC 
Current 
vs. Ambient 
Temperature. 


Figure 
13. Forward 
Current 
vs. 
Forward 
Voltage 
Characteristics. 
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Figure 
14. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 


Figure 
15. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit Current) 
vs. Peak CUlTent. 


Contrast Enhancement 
For information 
on contrast 
enhancement, 
please see 
Application 
Note 1015. 


Soldering/Cleaning 
For information 
on soldering 
LEDs please refer to 
Application 
Note 1029. 


Electrical/Optical 
For more information 
on 
electricaVoptical 
characteristics, 
please see Application 
Note 
1005. 


FhiiW 
HEWLETT 
~r...•PACKARD 


Low Current Seven Segment 
Displays 


Technical Data 


Features 
• Low Powcr Consuw-ption 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
• Choice of Character 
Size 
7.6 mm (0.30 in), 10 mm (0.40 
in), 10.9 mm (0.43 in), 14.2 
mm (0.56 in), 20 mm (0.8 in) 


• Choice of Colors 
AlGaAs Red, High Efficiency 
Red (HER), Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
±50° Viewing Angle 


• Design Flexibility 
Common Anode or Common 
Cathode 
Single and Dual Digit 
Left and Right Hand Decimal 
Points 
±l. Overflow Character 
• Categorized 
for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
• Excellent 
for Long Digit 
String Multiplexing 


Description 
These low current seven 
segment displays are designed 
for applications requiring low 
power consumption. They are 
tested and selected for their 
,excellent low current character- 
istics to ensure that the 
segments are matched at low 
currents. 
Drive currents as low 
as 1 rnA per segment are 
available. 


Pin for pin equivalent displays 
are also available in a standard 
current or high light ambient 
design. The standard 
current 
displays are available in all 
colors and are ideal for most 
applications. The high light 
ambient displays are ideal for 
sunlight ambients or long string 
lengths. For additional informa- 
tion see the 7.6 mm Micro 
Bright Seven Segment Displays, 
10 mm Seven Segment Dis- 
plays, 7.6 mm/10.9 mm Seven 
Segment Displays, 14.2 mm 
Seven Segment Displays, 20 
mm Seven Segment Displays, or 
High Light Ambient Seven 
Segment Displays data sheets. 


HDSP·335X Series 
HDSp·555X 
Series 


HDSP·751X Series 
HDSP·AIOX Series 
HDSP·ASOX Series 
HDSP·A90X Series 
HDSp·EIOX 
Series 


HDSp·FIOX 
Series 


HDSp·GIOX Series 
HDSp·HIOX Series 
HDSP·Kl2X, 
K70X Series 


HDSP·NIOX Series 


AlGaAs 
HER 
Yellow 
Green 
Package 
HDSP· 
HDSP· 
HDSP· 
HDSP· 
Description 
Drawing 


A101 
7511 
A801 
A901 
7.6 mm Common Anode Right Hand 
Decimal 
A 


AI03 
7513 
A803 
A903 
7.6 mm Common Cathode 
Right Hand Decimal 
B 


AI07 
7517 
A807 
A907 
7.6 mm Common Anode ±1. Overflow 
C 


A108 
7518 
A808 
A908 
7.6 mm Common Cathode 
±1. Overflow 
D 


FI0l 
10 mm Common Anode Right Hand Decimal 
E 


FI03 
10 mm Common Cathode 
Right Hand Decimal 
F 


FI07 
10 mm Common Anode ±1. Overflow 
G 


FI08 
10 mm Common Cathode 
±1. Overflow 
H 


GI0l 
10 mm Two Digit Common Anode Right Hand Decimal 
X 


GI03 
10 mm Two Digit Common Cathode 
Right Hand Decimal 
Y 


E100 
3350 
10.9 mm Common Anode Left Hand Decimal 
I 


EI0l 
3351 
10.9 mm Common Anode Right Hand Decimal 
J 


EI03 
3353 
10.9 mm Common Cathode 
Right Hand 
Decimal 
K 


EI06 
3356 
10.9 mm Universal 
±1. Overflow") 
L 


HI0l 
5551 
14.2 mm Common Anode Right Hand Decimal 
M 


HI03 
5553 
14.2 mm Common Cathode 
Right Hand Decimal 
N 


HI07 
5557 
14.2 mm Common Anode ±1. Overflow 
0 


H108 
5558 
14.2 mm Common Cathode 
±1. Overflow 
P 
K121 
K701 
14.2 mm Two Digit Common Anode Right Hand 
Decimal 
R 


K123 
K703 
14.2 mm Two Digit Common Cathode 
Right Hand Decimal 
S 
NI00 
20 mm Common Anode Left Hand Decimal 
Q 
NI0l 
20 mm Common Anode Right Hand Decimal 
T 
NI03 
20 mm Common Cathode 
Right Hand 
Decimal 
U 
NI05 
20 mm Common Cathode 
Left Hand Decimal 
V 
N106 
20 mm Universal 
±1. Overflow)') 
W I 


Note: 
1. Universal 
pinout brings 
the anode and cathode 
of each segment's 
LED out to separate 
pins. See internal 
diagrams 
Lor W. 


I 
12.1 ~ 0.38 


,~EL 
J~ 


1.27 
(.050) 


5.08 
1.2001 


LUMINOUS 
INTENSITY 
CATEGORY 
x·) 


X 
N 


X 
X 
> 


ill :; 


~f lOL2S. 


'.. 08 
~ 
1.100) 
TYP. 


12001 
3.81 
6.09 
(.1501 
(.240) 
9.91 
MIN 
~~) 
.The 
Side View of package 


REF 
indicates 
Country of Origin. 


FUNCTION 


PIN 
A 
8 
C 
a 


1 
ANODEI4l 
CATHODEI5! 
ANODEI.I 
CATHODE 
151 


2 
CATHODE 
f 
ANODE 
f 
CATHODE 
PLUS 
ANODE 
PLUS 
3 
CATHODE 
9 
ANODE 
9 
CATHODE 
MINUS 
ANODE 
MINUS 
• 
CATHODE 
I! 
ANODE 
e 
NC 
NC 
, CATHODE 
d 
ANODE 
d 
NC 
NC 
6 
ANOOHtl 
CATHODE 
IS] 
ANODE I.] 
CATHOOE[:') 


7 
CATHODE 
OP 
ANODE 
DP 
CATHODE 
DP 
ANODE 
DP 
8 
CATHODE 
c 
ANODE 
c 
CATHODE 
c 
ANODE 
c 


9 
CATHODE 
b 
ANODE 
b 
CATHODE 
b 
ANODE 
b 
10 
CATHODE 
a 
ANODE 
a 
NC 
NC 


NOTES: 


1. ALL DIMENSIONS IN IILUMETRES 
ONCHES~ 
2. MAXIMUM. 


3. ALL UNTOLERANCED 
DIMENSIONS ARE FOR REFERENCE ONLY. 


4. REDUNDANT ANODES. 
5. REDUNDANT CATHODES. 


12.90±0,50 
(0.508 ± 0.0201 
t 


Ei 


0.25 
_ 


(0.0101 ~- 


7,62 
(0,300) 


12,90:!: 050 


(0.508 :!:0020) 
4 
MINUS DC 


_t__ 
~ 
IDpo 


';;;:5 ~A,:X'-I 
1- 


G.H 


I 


DATE CODE 
5.08 
__ 
_ 


{0.200} 
I 
429 
MIN 
636 
MAX 
__ 
-- 
- 
(0169MrN) 


(0250 
MAX l 


E. F. G. H 


• The Side View of package Indicates Country of Origin. 


FUNCTION 


PIN 
E 
F 
G 
H 


1 
ANODe·) 
CATHODEl'j 
ANODe41 
CATHODEl'l 


2 
CATHODE! 
ANODEf 
CATHODE 
PLUS 
ANODE 
PLUS 


3 
CATHODEg 
ANODEg 
CATHODE 
fIINUS 
ANODE 
MINUS 


4 
CATHODE. 
ANODE. 
NC 
NC 


5 
CATHODEd 
ANODEd 
NC 
NC 


6 
ANODe4l 
CATHODE'" 
ANODe41 
CATHODElI' 


7 
CATHODE 
DP 
ANODEDP 
CATHODE 
DP 
ANODEDP 


8 
CATHODEc 
ANODEc 
CATHODEc 
ANODEc 


8 
CATHODEb 
ANODEb 
CATHODEb 
ANODEb 


10 
CATHODE. 
ANODE. 
NC 
NC 


NOTES: 


1. All 
DIMENSIONS 
IN fIILUMETRES 
PNCHES~ 


2. All 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 


3. FOR YEllOW 
AND 
GREEN 
SERIES 
PRODUCT 
ONLY. 


4. REDUNDANT 
ANODES. 


5. REDUNDANT 
CATHODES. 


LUMINOUS 
INTENSITY 
CATEGORY 


1--'2.70 (.5OO11 
I 
MAX. 
~ 


~ 


5.33 
635 


~ 
1.210) 
l.iSO) 


4.06 (.160) 
=r~ 


MIN. 
1 
II 
--Jil.- 
0.25 


I 
I 
(.0101 


7.62 +--------t 


(.3001 


Noto 'J 


6.35 (.250) 


~ 
R.H.D.P. 


5.21 1.205) 


J.K 


FRONT 
VIEW 
SIDE 
VIEW I 
• The Side View of package indicates Country of Origin. 
~ 


FUNCTION 


PIN 
I 
J 
K 
L 


, 
CATHODE-. 
CATHODE·. 
ANODE. 
CATHODE d 


2 
CATHODE·' 
CATHODE·' 
ANDDE·l 
ANODE·d 


3 
ANODEI31 
ANODEl31 
CATHODE!61 
NOPIN 


• 
NOPIN 
NOPIN 
NOPIN 
CATHODE·c 


5 
NO PIN 
NOPIN 
NO PIN 
CATHODE·. 


6 
CATHODE·dp 
NOCONN.lS] 
NOCONN.!SI 
ANODE·. 


7 
CATHODE·. 
CATHODE·. 
ANODE·. 
ANODE·c 


8 
CATHODE·d 
CATHODE·d 
ANODE·d 
ANODE·dp 


9 
NOCONN.ISI 
CATHODE-dp 
ANODE·dp 
CATHODE·dp 


'0 
CATHODE-c 
CATHODE·c 
ANODE·c 
CATHOOE·b 


11 
CATHOOE·g 
CATHODE·g 
ANODE-g 
CATHODE-. 


12 
NO PIN 
NOPIN 
NOPIN 
NOPIN 


13 
CATHODE·b 
CATHODE·b 
ANODE·b 
ANODE·. 
,. 
ANODE!3] 
ANODEl31 
CATHODE!6] 
ANODE·b 


NOTES: 


1. ALL 
DIMENSIONS 
IN IILUMETRES 
~NCHES~ 


2. ALL 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY. 


3. 
REDUNDANT 
ANODES 
• 


•• UNUSED 
dp 
POSITION. 


5. SEE INTERNAL 
CIRCUIT 
DIAGRAM. 


6. REDUNDANT 
CATHODES. 


7. SEE PART 
NUMBER 
TABLE 
FOR LH.D.P. 
AND 
R.H.D.P. 
DESIGNATION. 


LUMINOUS 
INTENSITY 
CATEGORY 


J 
8.00 I 
.25' 
~ 
(.315) 
1(.OlOl 


I 
--.l 
TVP 
cr 


-'~l 


(.600f 


- 
.~ 


J 
6.86 L 
(.270) 


FUNCTION 


PIN 
M 
N 
0 
P 


1 
CATHODE 
e 
ANODEe 
CATHODE 
c 
ANODEc 


2 
CATHODE 
d 
ANOOEd 
ANODE 
c. d 
CATHODE 
c. d 


3 
ANODEI41 
CATHODEISI 
CATHODE 
b 
ANODE 
b 


• 
CATHODEc 
ANODEc 
ANODE 
a. b. DP 
CATHODE 
a. b. DP 


5 
CATHODE 
DP 
ANODE 
DP 
CATHODE 
DP 
ANODE 
DP 


6 
CATHODE 
b 
ANODE 
b 
CATHODE 
a 
ANODEa 


7 
CATHODE 
a 
ANOOEa 
ANODE 
a. b, DP 
CATHODE 
a. b. DP 


8 
ANODEI41 
CATHODEISI 
ANODE 
c, d 
CATHODE 
c. d 


9 
CATHODE! 
ANODE 
f 
CATHODE 
d 
ANODE 
d 


10 
CATHODE 
9 
ANODEg 
NO PIN 
NO PIN 


NOTES: 


1. ALL DIMENSIONS IN M1LUMETRES QNCHES). 
2. MAXIMUM. 


3. ALL UNTOl.ERANCED 
DIMENSIONS ARE FOR REFERENCE ONLY. 


4. REDUNDANT ANODES. 


5. REDUNDANT CATHODES. 


I~ 
+ 


20.32 
5 
10L~ 


f.--- 
19.96 MAX. 
~ 


I 
(0.786 
MAKI 
IS~ 


8.38 ± 0.25 
~ 
.1-10.330±0.0101 


6.1 MIN. 
~ 


(0.240 MIN.) 
(0.0401 
T-L± 


o.38fo.015) 


15.24' 
0.25 


10.600 . 0.010) 


'i. 


PACKAGE-l 


FRONTVIEWW 


lUMINOUS 
INTENSITY 
CATEGORY 
0.51 
=f 10 0201 


~=t08 
\ 
I 
10.2001 


PIN 2 AND 
17 


Function 


PI" 


Q 
T 
U 
V 
W 
, 
NO PIN 
NO PIN 
NO PIN 
NO 
PIN 
NO 
PIN 
2 
CATHODE 
a 
CATHODE 
a 
ANODE 
a 
ANODE 
a 
CATHODE 
a 


3 
CATHODE' 
CATHODE 
I 
ANODE' 
ANODE' 
ANODE 
d 


4 
ANODE 
I)] 
ANODe:)1 
CATHODEl61 
CATHDDEIGI 
CATHODE 
d 


5 
CATHODE 
e 
CATHODE 
e 
ANODE e 
ANODE e 
CATHODE 
c 


6 
ANODElll 
ANODE!J1 
CATHODEI6l 
CATHODE" 
CATHODE 
e 
7 
CATHODE 
dp 
NO 
CONt',jEC 
NO CONNEC 
ANODE 
dp 
ANODE e 


8 
NO 
PIN 
NO 
PIN 
NO 
PIN 
NO PIN 
CATHODE 
dp 


9 
NO 
PIN 
NO 
PIN 
NO 
PIN 
NO 
PIN 
NOPIN 
10 
NO 
PIN 
CATHODE 
dp 
ANODE dp 
NO 
PIN 
ANODE dp 


11 
CATHODE 
d 
CATHODE 
d 
ANODE d 
ANODE d 
CATHODE 
dp 


12 
ANODem 
ANODE:)] 
CATHODE' 
CATHODE 6 
CATHODE 
b 


13 
CATHODE 
c 
CATHODE 
c 
ANODE c 
ANODE c 
ANODE b 


14 
CATHODE 
9 
CATHODE 
9 
ANODE 9 
ANODE 9 
ANODE c 


15 
CATHODE 
b 
CATHODE 
b 
ANODE b 
ANODE b 
ANODE 
a 


16 
NOPIN 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


17 
ANODEI31 
ANODEI31 
CATHODEI'! 
CATHODE:61 
CATHODE 
a 


" 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
NO PtN 


NOTES, 


1. AU 
DIMENSIONS 
IN IoILUMETRES 
ONCHES~ 


2. AU 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY. 


3. 
REDUNDANT 
ANODES. 


4. UNUSED 
dp 
POSITION. 


5. SEE INTERNAL 
CIRCUIT 
DlAGRAIi. 


6. REDUNDANT 
CATHODES. 


7. SEE PART 
NUMBER 
TABLE 
FOR L.IlD.P. 
AND 
R.IlD.P. 
DESIGNATION. 


I 


LUMINOUS 
INTENSITY 
CATEGORY 


2.54 
(.100) 
TVP 


.51 


1.020) 
TVP 
j 


I 


DATECOOE 
-1-1--1 


3.95 1.155)- 
~ 
~ 


MIN 


TOP END VIEW A, S 


*The Side View of package indicates 
Country of Origin. 


LUMINOUS 
INTENSITY 
CATEGORY 


TOP END VIEW X, Y 


* The Side View of package indicates 
Country of Origin. 


17.021:.25 


(.673) 
±.01 


I1 


16.B6 L 
---+j 
(.2701 


DIGIT[234567B9 


NO.1 
~ 
11.43 
(0.450) 


5.59 
(0.220) 


(~~~)MAX. 


Function 
Pin 
A,X 
S,Y 


1 
E CATHODE NO 1 
E ANODE NO 1 
2 
D CATHODE NO 1 
DANODE NO 1 


3 
C CATHODE NO 1 
C ANODE NO 1 


• 
DP CATHODE NO.1 
DPANODE NO 1 


5 
E CATHODE NO.2 
E ANODE NO 2 


6 
D CATHODE NO.2 
D ANODE NO 2 
7 
G CATHODE NO 2 
G ANODE NO 2 


8 
C CATHODE NO. 2 
~pA~~~~;~02 
2' - 
9 
DP CATHODE NO 2 


10 
B CATHODE NO 2 
B ANODE NO 2 


" 
A CATHODE NO 2 
A ANODE NO.2 


12 
F CATHODE NO. 2 
F ANODE NO 2 


13 
DIGIT NO 2 ANODE 
DIGIT NO 2 CATHODE 
,. 
DIGIT NO 1 ANODE 
DIGIT NO 1 CATHODE 


15 
B CATHODE NO 
1 
B ANODE NO 1 


16 
A CATHODE NO 
1 
A ANODE 
NO 
1 


17 
G CATHODE NO.1 
G ANODE NO, 


18 
F CATHODE NO.1 
F ANODE NO' 


NOTES: 
1. DIMENSIONS 
ARE IN MllllMETRES 
(INCHES). 
2. All 
UNTOlERANCED 
OttMENSIONS 
ARE FOR REFERENCE 
ONLY. 


3. WHERE APPLICABLE. 


• 


3 
4 
7 
8 
2 
3 
4 


R,X 
S,Y 


---O,4S0IN. 
r-00450IN. 
If. 
1 
I 
I 
0 
0 
0 
0 ? 


0 
0 
9 
0- -- 


If.-~y: 
au: au 
I 
rtdr1- Odr 


0.600 IN. 


°D 
Do 
9L:::? 09 
o 
1 
0 


0 
01 
0 
0 
'? 
0 
0 
'? 
0-- 
- 


.300 IN. 


AlGaAsRed 
HER 
HDSP.AIOXIEIOX! 
HDSp·751X1 
Yellow 
Green 
HIOX!KI2XINIOXI 
335X1555X1 
HDSP·A80X 
HDSP·A90X 
Description 
FIOX, G lOX Series 
K70XSeries 
Series 
Series 
Units 


Average Power per Segment or OP 
37 
52 
64 
mW 


Peak Forward 
Current 
per 
45 
mA 


Segment or OP 


OC Forward 
Current 
per 
15llJ 
15('J 
mA 


Segment or OP 


Operating 
Temperature 
Range 
-20 to +100 
-40 to +100 
·C 


Storage Temperature 
Range 
·55 to +100 
·C 


Reverse Voltage per Segment 
3.0 
V 
orOP 


Lead Solder Temperature 
for 3 
Seconds (1.60 mm [0.063 in.] below 
260 
·C 


seating plane) 


Notes: 
1. Derate 
above 91 DCat 0.53 mA/"C. 


2. Derate 
HERlYellow 
above BODCat 0.38 mA/"C and Green 
above 71 DCat 0.31 mA/"C. 
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Electrical/Optical Characteristics 
at TA = 25°C 


AlGaAsRed 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


315 
600 
IF = 1 mA 
A10X 
3600 
IF=5mA 


330 
650 
IF = 1 mA 
F10X, G10X 
3900 
IF=5mA 


390 
650 
IF=lmA 
E10X 
Luminous 
Intensity/Segmentl'.2l 
Iv 
~cd 
(Digit Average) 
3900 
IF=5mA 


400 
700 
IF=lmA 
H10X, K12X 
4200 
IF=5mA 


270 
590 
IF = 1 mA 
N10X 
3500 
IF = 5 mA 


1.6 
IF = 1 mA 


Forward 
Voltage/Segment 
or DP 
VF 
1.7 
V 
IF = 5 mA 


1.8 
2.2 
IF=20mAPk 


All Devices 
Peak Wavelength 
A"EAK 
645 
nm 


Dominant 
Wavelength[3l 
Ad 
637 
nm 


Reverse 
VoltagelSegment 
or DFf'] 
Va 
3.0 
15 
V 
Ia = 100 IJA 


Temperature 
Coefficient 
of 
tNIOC 
-2mV 
mV/oC 
VFlSegment 
or DP 


Al OX 
255 


F10X, G10X 
320 


E10X 
340 
Thermal 
Resistance 
LED 
RElJ.P1N 
°CIW/Seg 
H10X, Kl2X 
Junction·to·Pin 
400 


N10X 
430 


• 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


160 
270 
IF=2mA 
751X 
1050 
IF=5mA 


200 
300 
IF = 2 mA 
Luminous 
Intensity/Segmentll•2] 
Iv 
!lcd 
(Digit Average) 
1200 
IF = 5 mA 
335X, 555X, 
K70X 
270 
370 
IF = 2mA 


1480 
IF=5mA 


1.6 
IF = 2mA 


Forward 
Voltage/Segment 
or DP 
VF 
1.7 
V 
IF = 5mA 


2.1 
2.5 
IF = 20 mAPk 


All Devices 
Peak Wavelength 
A."EAK 
635 
nm 


Dominant 
Wavelength!') 
Ad 
626 
nm 


Reverse VoltagelSegment 
or DP£'] 
Va 
3.0 
30 
V 
la = 100 I!A 


Temperature 
Coefficient of 
tN/oC 
-2 
mV/oC 
VFlSegment or DP 


751X 
200 


335X 
Thermal 
Resistance 
LED 
ReJ.P1N 
280 
°CIW 
Junction-to-Pin 
555X, K70X 
345 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensityISegmentl1,2J 
250 
420 
IF=4mA 
(Digit Average) 
Iv 
Ilcd 
1300 
IF = 10 mA 


1.7 
IF=4mA 


Forward VoltagelSegment 
or DP 
VF 
1.8 
V 
IF = 5 mA 
A80X 
2.1 
2.5 
IF = 20mAPk 


Peak Wavelength 
A"EAK 
583 
nm 


Dominant 
Wavelength[3,5J 
Ad 
581.5 
585 
592.5 
nm 


Reverse VoltagelSegment 
or Dpl4] 
VR 
3.0 
30 
V 
IR = 100 
IlA 


Temperature 
Coefficient of 
tiV/"C 
-2 
mV/"C 
VFlSegment or DP 


Thermal 
Resistance 
LED 
ReJ.PIN 
200 
"CIW 
Junction-tn-Pin 
I 


Device 
. 


Series 
HDSP- 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegmentl1,2J 
250 
475 
IF=4mA 
(Digit Average) 
Iv 
Ilcd 
1500 
IF = 10 mA 


1.9 
IF=4mA 


Forward VoltagelSegment 
or DP 
VF 
2.0 
V 
IF = 10 mA 
A90X 
2.1 
2.5 
IF=20mAPk 


Peak Wavelength 
A"EAK 
566 
nm 


Dominant 
Wavelength[3,5J 
Ad 
571 
577 
nm 


Reverse VoltagelSegment 
or Dpl4J 
VR 
3.0 
30 
V 
IR = 100 IlA 


Temperature 
Coefficient of 
tJ,V/"C 
-2 
mV/"C 
VFlSegment or DP 


Thermal 
Resistance 
LED 
ReJ.PIN 
200 
°CIW 
Junction-tn-Pin 


Notes: 
1. Device case temperature 
is 25°C prior to the intensity 
measurement. 


2. The digits are categorized 
for luminous 
intensity. 
The intensity 
category is designated 
by a letter 
on the side of the package. 


3. The dominant 
wavelength, 
A." is derived from the CIE chromaticity 
diagram 
and is the single wavelength 
which defmes the 
color of the device. 


4. Typical specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 
5. The yellow (HDSP-A800) 
and Green (HDSP-A900) 
displays 
are categorized 
for dominant 
wavelength. 
The category 
is 
designated 
by a number 
adjacent 
to the luminous 
intensity 
category letter. 


I 


I 


R e .A = 7700CIW 


\ 
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"- 


0.1 


Figure 
1. Maximum 
Allowable 
Average 
or DC Current 
V8.Ambient 
Temperature. 


Figure 
2. Forward 
Current 
V8. 


Forward 
Voltage. 
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Figure 
3. Relative 
Luminou8 
Intensity 
va. DC Forward 
Current. 
Figv.re 4. Relative 
Efficiency 
(Luininou8 
Intensity 
per Unit 
Current) 
V8. Peak Current. 
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Figure 
5. Maximum 
Allowable 


Average 
or DC Current 
V8.Ambient 
Temperature. 
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Figure 
7. Relative 
Luminou8 
Intensity 
va. DC Forward 
Current. 


Figure 
8. Relative 
Efficiency 
(Luminou8 
Intensity 
per Unit 
Current) 
V8.Peak Current. 


Electrical/Optical 
For more information 
on 
electrical/optical 
characteristics, 
please see Application 
Note 
1005. 


Contrast Enhancement 
For information 
on contrast 
enhancement 
please see 
Application 
Note 1015. 


Soldering/Cleaning 
Cleaning 
agents from the 
ketone family (acetone, methyl 
ethyl ketone, 
etc.) and from the 
chorinated 
hydrocarbon 
family 
(methylene 
chloride, trichloro- 
ethylene, 
carbon tetrachloride, 
etc.) are not recommended 
for 
cleaning 
LED parts. 
All of these 
various 
solvents 
attack 
or 
dissolve the encapsulating 
epoxies used to form the 
package 
of plastic LED parts. 


For information 
on soldering 
LEDs please refer to 
Application 
Note 1027. 


8 mm (0.31 inch) Ultra Mini 
Seven Segment Displays 


Features 
• Compact 
Package 
• 8 mm (0.31 inch) 
Character 
Height 
• Choice 
of Colors 
Wide Range of Colors 
• Excellent 
Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
GraylBlack Surface Gives 
Optimum Contrast 
±50° Viewing Angle 
• Design 
Flexibility 
Common Anode or Common 
Cathode 
Right Hand Decimal Point 
• Categorized 
for Luminous 
Intensity 
Yellow and Green also 
Categorized for Color 
Use of Like Categories Yields 
- 
a Uniform Display 


• High Light 
Output 
• High Peak 
Current 
• Excellent 
for Long Digit 
String 
Multiplexing 
• Intensity 
and Color 
Selection 
Option 


Description 
The 8 mm (0.31 inch) LED 
seven segment displays are 
HP's most space-efficient 
character 
size. They are 
designed for viewing distances 
up to 3 metres (10 feet). The 
numeric devices feature a right 
hand decimal point. All devices 
are available as either common 
anode or common cathode. 


HDSP-UOXX:Series 
HDSP-UlXX Series 
HDSP-U2XX Series 
HDSP-U3XX Series 
HDSP-U4XX Series 
HDSP-U5XX Series 


Typical applications 
include 
appliances, temperature 
controllers, and digital panel 
meters. 


Red 
AlGaAsRed 
HER 
Orange 
Yellow 
Green 
Circuit 
HDSP- 
HDSP- 
HDSP- 
HDSP- 
HDSP- 
HDSP- 
Description 
Diagram 


UOOI 
UIOI 
U201 
U401 
U301 
U501 
Common Anode, Right 
A 
Hand Decimal, Gray Surface 


U003 
UI03 
U203 
U403 
U303 
U503 
Common Cathode, Right 
B 
Hand Decimal, Gray Surface 


UOll 
U111 
U211 
U411 
U311 
U511 
Common Anode, Right 
A 
Hand Decimal, Black Surface 


UOl3 
U1l3 
U213 
U413 
U313 
U513 
Common Cathode, Right 
B 
Hand Decimal, Black Surface 


• 


r 


D72~1 
MAX. 


0.25.8 
(0.010) 


5.' 
(0.2091 


D7U 


(0.028) I~_ 


5.0 
(0.197) 


NOTES: 
',. All 
DIMENSIONS 
IN MILLIMETERS 
(INCHES). 


2. ALL UNTOlERANCED 
DIMENSIONS 
ARE FOR REFERENCE 
ONLY. 


3. FOR YELLOW AND GREEN SERIES PRODUCT 
ONLY. 


Red 
AlGaAsRed 
HER/Orange 
Yellow 
Green 
HDSP· 
HDSP· 
HDSp· 
HDSP· 
HDSP· 
UOXX 
U1XX 
U2XX1-4XX 
U3XX 
U5XX 
Description 
Series 
Series 
Series 
Series 
Series 
Units 


Average Power per Segment or DP 
82 
37 
105 
80 
105 
mW 


Peak Forward Current per 
150[1] 
45[3J 
90[5J 
60[71 
90[91 
mA 
Segment or DP 


DC Forward Current per Segment 
25[2J 
15[4J 
30[6J 
20[81 
30101 
mA 
orDP 


Operating Temperature 
Range 
-25 to +90 
-20 to +90 
-25 to +90 
·C 


Storage Temperature 
Range 
-30 - +90 
·C 


Reverse Voltage per Segment or DP 
3.0 
V 


Lead Solder Temperature 
for 
260 
·C 
3 Seconds (1.60 rom [0.063 in.] 
below seating plane) 


Notes: 
1. See Figure 
1 to establish 
pulsed 
conditions. 


2. Derate 
above 
BO"C at 0.63 mA/"C (see figure 
3). 


3. See Figure 
2 to establish 
pulsed 
conditions. 


4. No derating 
over specified 
temperature 
range. 


5. See Figure 
7 to establish 
pulsed 
conditions. 


6. Derate 
above 53"C at 0.45 mA/"C (see fJgUre 10). 


7. See Figure 
B to establish 
pulsed 
conditions. 


B. Derate 
above B1"C at 0.52 mA/"C (see fJgUre 10). 


9. See Figure 
9 to establish 
pulsed 
conditions. 
10. Derate 
above 39"C at 0.37 mA/"C (see fJgUre 10). 


Electrical/Optical 
Characteristics 
at TA = 25°C 


Red 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
HDSP- 
Luminous 
Intensity/Segment[1.21 
Iv 
600 
1100 
J.1cd 
IF=20mA 
UOXX 
(Digit Average) 
500 
IF= lOmA 
Forward 
Voltage/Segment 
or DP 
VF 
1.6 
2.0 
V 
IF=20mA 
Peak Wavelength 
ApEAK 
655 
nm 
Dominant 
Wavelength[3] 
A.i 
640 
nm 
Reverse Voltage/Segment 
or DP£4] 
VR 
3.0 
12 
V 
IR = 100 J.1A 
Temperature 
Coefficient of 
tNF/OC 
-2 
mV/oC 
VF/Segment 
or DP 
Thermal 
Resistance 
LED 
R9J-Pin 
200 
°C/WI 
Junction-to-Pin 
Seg 


• 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


HDSP- 
Luminous 
Intensity/Segment[l,21 
Iv 
315 
600 
llcd 
IF= 1 mA 
UlXX 
(Digit Average) 
3600 
IF=5mA 
Forward 
Voltage/Segment 
or DP 
VF 
1.6 
IF= 1 mA 
1.7 
V 
h=5mA 
1.8 
2.2 
IF=20mA 


Peak Wavelength 
ApEAK 
645 
nm 
Dominant 
Wavelength[3J 
A.l 
637 
nm 
Reverse Voltage/Segment 
or Dp[41 
VR 
3.0 
15 
V 
IR = 100 lJ.A 


Temperature 
Coefficient of 
t.VF/oC 
.-2 
mVloC 
VF/Segment or DP 
Thermal 
Resistance 
LED 
R8J-Pin 
255 
°CIW/ 
Junction-to-Pin 
Seg 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
HDSP- 
Luminous 
Intensity/Segment[l,21 
Iv 
360 
980 
llcd 
IF=5mA 
U2XX 
(Digit Average) 
5390 
IF=20mA 
Forward 
Voltage/Segment 
or DP 
VF 
2.0 
2.5 
V 
IF=20mA 
Peak Wavelength 
ApEAK 
635 
nm 
Dominant 
Wavelength[3J 
A.l 
626 
nm 
Reverse Voltage/Segment 
or DP[4J 
VR 
3.0 
30 
V 
IR = 100 lJ.A 


,. 
Temperature 
Coefficient of 
t.Vt/oC 
-2 
mV/oC 
Vy/Segment 
or DP 


Thermal 
Resistance 
LED 
R8J-Pin 
200 
°CIW/ 
Junction-to-Pin 
Seg 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


HDSP- 
Luminous 
Intensity/SegmentU,2l 
Iv 
360 
980 
~d 
IF=5mA 
U4XX 
(Digit Average) 
5390 
IF=20mA 


Forward 
Voltage/Segment 
or DP 
VF 
2.0 
2.5 
V 
IF=20mA 


Peak Wavelength 
APEAK 
600 
nm 
Dominant 
Wavelength[3l 
A.i 
603 
nm 
Reverse Voltage/Segment 
or DP[4l 
VR 
3.0 
30 
V 
IR = 100 l!A 


Temperature 
Coefficient of 
tNF/oC 
-2 
mV/oC 
VF/Segment 
or DP 
Thermal 
Resistance 
LED 
R9J.Pin 
200 
°CIW/ 
Junction-to-Pin 
Seg 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


HDSP- 
Luminous 
Intensity/Segment[I,2l 
Iv 
225 
480 
licd 
IF=5mA 
U3XX 
(Digit Average) 
2740 
IF=20mA 
Forward 
Voltage/Segment 
or DP 
VF 
2.2 
2.5 
V 
IF = 20mA 
Peak Wavelength 
APEAK 
583 
nm 
Dominant 
Wavelength[3,51 
A.i 
581.5 
586 
592.5 
nm 
Reverse Voltage/Segment 
or Dpl4l 
VR 
3.0 
50.0 
V 
IR = 100l!A 
Temperature 
Coefficient of 
t.VF/oC 
-2 
mV/oC 
VF/Segment 
or DP 
Thermal 
Resistance 
LED 
R9J.Pin 
200 
°CIW/ 
Junction-to-Pin 
Seg 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
HDSP- 
Luminous 
Intensity/Segment[I,2l 
Iv 
860 
3000 
licd 
IF = 10mA 
U5XX 
(Digit Average) 
6800 
IF=20mA 
Forward 
Voltage/Segment 
or DP 
VF 
2.1 
2.5 
V 
IF = 10mA 
Peak Wavelength 
APEAK 
566 
nm 
Dominant 
Wavelength[3,5l 
A.i 
571 
nm 
Reverse Voltage/Segment 
or Dpl4l 
VR 
3.0 
50.0 
V 
IR = 100 l!A 
Temperature 
Coefficient of 
t.VF/oC 
-2 
mV/oC 
Vr/Segment 
or DP 
Thermal 
Resistance 
LED 
R9J-Pin 
200 
°CIW/ 
Junction-to-Pin 
Seg 


Notes: 
1. Case temperature 
of device immediately 
prior 
to the iotensity 
measurement 
is 25°C. 
2. The digits 
are categorized 
for lumioous 
intensity. 
The intensity 
category 
is designated 
by a letter 
on the side of the package. 
3. The dominant 
wavelength, 
A.d' is derived 
from the CIE chromaticity 
diagram 
and is that 
siogle 
wavelength 
which 
dermes 
the 
color of the device. 
4. Typical 
specification 
for reference 
only. Do not exceed 
absolute 
maximum 
ratings. 


5. The Yellow (HDSP.U3XX) 
series 
and Green 
(HDSP·U5XX) 
series 
displays 
are categorized 
for domioant 
wavelength. 
The 
category 
is designated 
by a number 
adjacent 
to the luminous 
intensity 
category 
letter. 
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Figure 3.Maximum Allowable DCCurrent 
Vii. Ambient 
Temperature. 
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Figure 11.Forward Current vs. 
Forward Voltage Characteristics. 
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Electrical/Optical 
For more information 
on 
electricaVoptical 
characteristics, 


please see Application 
Note 
1005. 


Contrast Enhancement 
For information 
on contrast 
enhancement 
please see 
Application 
Note 1015. 


Soldering/Cleaning 
Cleaning 
agents from the 
ketone family (acetone, methyl 
ethyl ketone, 
etc.) and from the 


chorinated 
hydrocarbon 
family 
(methylene 
chloride, trichloro- 
ethylene, 
carbon tetrachloride, 
etc.) are not recommended 
for 
cleaning 
LED parts. All of these 
various 
solvents attack 
or 
dissolve the encapsulating 
materials 
used to form the 
package of plastic LED parts. 


For more information 
on 
soldering 
LEDs please refer to 
Application 
Note 1027. 


FliQ'l HEWLETT 
~aPACKARD 


7.6 mm (0.3 inch) Micro Bright 
Seven Segment Displays 


Features 
• Available 
with 
Colon for 
Clock Display 
• Compact 
Package 
0.300 x 0.500 inches 
Leads on 2.54 mm (0.1 inch) 
Centers 
• Choice 
of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
Surface Color Gives Optimum 
Contrast 
±50° Viewing Angle 
• Design 
Flexibility 
Common Anode or Common 
Cathode 


Right Hand Decimal Point 
±l. Overflow Character 
• Categorized 
for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
• High Light 
Output 
• High Peak 
Current 
• Excellent 
for Long Digit 
String 
Multiplexing 
• Intensity 
and Color 
Selection 
Available 
See Intensity 
and Color 
Selected Displays Data Sheet 
• Sunlight 
Viewable 
AlGaAs 


HDSP-730X Series 
HDSP-731X Series 
HDSP-740X Series 
HDSP-750X Series 
HDSP-780X Series 
HDSP-A15X Series 


Description 
The 7.6 mm (0.3 inch) LED 
seven segment displays are 
designed for viewing distances 
up to 3 metres (10 feet). These 
devices use an industry 
standard 
size package and 


Red 
AlGaAsl'] 
BERllI 
Yellowl'] 
Greenl'] 
Package 
HDSP· 
HDSP· 
HDSP· 
HDSP· 
HDSP· 
Description 
Drawing 
7301 
A151 
7501 
7401 
7801 
Common Anode Right Hand Decimal 
A 


7302 
7502 
7402 
7802 
Common Anode Right Hand Decimal, 
B 


Colon 
7303 
A153 
7503 
7403 
7803 
Common Cathode Right Hand Decimal 
C 


7304 
7504 
7404 
7804 
Common Cathode Right Hand Decimal, 
D 


Colon 
7307 
A157 
7507 
7407 
7807 
Common Anode ±l. Overflow 
E 


7308 
A158 
7508 
7408 
7808 
Common Cathode ±l. Overflow 
F 


Note: 
1. These 
displays 
are recommended 
for high 
ambient 
light 
operation. 
Please 
refer to the HDSP-AIOX 
AlGaAs, 
HDSP·335X 
HER, 
HDSP·ASOX 
Yellow, 
and HDSP-A90X 
Green 
data 
sheet 
for low current 
operation. 


• 


pinout. Both the numeric and 
±l. overflow devices feature a 
right hand decimal point. All 
devices are available as either 
common anode or common 
cathode. 


NOTES: 
1. All 
DIMENSIONS 
IN IoIlUMETRES 
(INCHES~ 


2. MAXIMUM. 
3. All 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 
4. REDUNDANT 
ANODES. 


5. REDUNDANT 
CATHODES. 


6. FOR 
HDsp·7400/·7800 
SERIES 
PRODUCT 
ONLY. 


These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current 
design. The low current displays 


are ideal for portable applica- 
tions. For additional 
information 
see the Low 


Current Seven Segment 
Displays. 


-11--('~~6) 
1.27 


11~('050) 


--r 
.508 
Xx" 
I 
,(.0201 


x ~ 
~ 
TYP, 
~~ 
----'-1 


5.08 ~!E~~}---LI~~61 
TYP. 


(.200) 
3.81 
6.09 
(.150) 
(.240) 
9.91 
MIN. 


(.3901 
REF. 


lUMINOUS 
INTENSITY 
CATEGORY 


FUNCTION 


PIN 
A 
B 
C 
D 
E 
F 


1 
ANODE[4) 
CATHODE 
COLON 
CATHODE 
15) 
ANODE 
COLON 
ANODE[4] 
CATHODE[51 


2 
CATHODE 
f 
CATHODE 
f 
ANODE 
f 
ANODE 
f 
CATHODE 
PLUS 
ANODE 
PLUS 


3 
CATHODE 
9 
CATHODE 
9 
ANODE 
9 
ANODE 
9 
CATHODE 
MINUS 
ANODE 
MINUS 


4 
CATHODE 
e 
CATHODE,e 
ANODE 
e 
ANODE 
e 
NC 
NC 
5 
CATHODE 
d 
CATHODE 
d 
ANODE 
d 
ANODE 
d 
NC 
NC 
6 
ANODE[4] 
ANODE 
CATHODE 
151 
CATHODE 
ANODE[4] 
CATHODE[51 


7 
CATHODE 
DP 
CATHODE 
DP 
ANODE 
DP 
ANODE 
DP 
CATHODE 
OP 
ANODE 
DP 
8 
CATHODE 
c 
CATHODE 
c 
ANODE 
c 
ANODE 
c 
CATHODE 
c 
ANODE 
c 


9 
CATHODE 
b 
CATHODE 
b 
ANODE 
b 
ANODE 
b 
CATHODE 
b 
ANODE 
b 


10 
CATHODE 
a 
CATHODE 
a 
ANODE 
a 
ANODE 
a 
NC 
NC 


10 
1 
10 
1 
10 
1 


9 
2 
9 
2 
9 
2 


8 
3 
8 
3 
8 
3 


7 
4 
7 
4 
7 
4 


6 
5 
6 
5 
6 
5 


dp 
dp 


A 
B 
C 


Red 
AlG~Red 
HER 
Yellow 
Green 
HDSP-73oo 
HDSP·A150 
HDSP-7500 
HDSP·7400 
HDSP·7800 
Description 
Series 
Series 
Series 
Series 
Seri_ 
Unit. 


Average Power per Segment or DP 
82 
96 
105 
80 
105 
mW 


Peak Forward Current per 
1501u 
1601~ 
90'~ 
60m 
9()l1l 
mA 
Segment or DP 


DCForward Current per 
2500 
40'41 
30'11 
20'11 
30101 
mA 
Segment or DP 


Operating Temperature Range 
-40to +100 
-20to +100'"1 
-40 to +100 
OC 


Storage Temperature Range 
-55to +100 
OC 


Reverse Voltage per 
3.0 
V 
Segment or DP 


Lead Solder Temperature for 3 
Seconds (1.60 mm [0.063 in.l 
260 
DC 
below seating plane) 


Notes: 
1. See Figure 1 to establish pulsed conditions. 
2. Derate ahove BODCat 0.63 mAl"C. 
3. See Figure 2 to establish pulsed conditions. 
4. Derate ahove 46DCat 0.54 mAl"C. 
5. See Figure 7 to establish pulsed conditions. 
6. Derate above 53DCat 0.45 mAl"C. 


7. See Figure 8 to establish pulsed conditions. 
8. Derate above 81DCat 0.52 mAl"C. 
9. See Figure 9 to establish pulsed conditions. 
10.Derate ahove 39°Cat 0.37 mAI"C. 
11.For operation below .20DC,contact your localUP 
components sales officeor an authorized distributor. 


Electrical/Optical 
Characteristics 
at TA = 25°C 


Red 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegment!I,2) 
600 
1100 
1p=20mA 
730X 
Iv 
/Lcd 
(Digit Average) 
500 
Ip= 10 mA 


Forward 
VoltagelSegment 
or DP 
Vp 
1.6 
2.0 
V 
1p=20mA 


Peak Wavelength 
A""AK 
655 
nm 


Dominant 
Wavelengthl'l 
Ad 
640 
nm 


All 
Reverse VoltagelSegment 
or Dpl4J 
VB 
3.0 
12 
V 
I,. = 100 JLA 


Temperature 
Coefficient of 
a~/DC 
-2 
mV/DC 
V~egment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.PIN 
200 
DCIW/Seg 
to-Pin 


• 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegmentl' 
.•··) 
Iv 
6.9 
14.0 
mcd 
l.p=20mA 
(Digit Average) 


1.8 
V 
l.p= 20 mA 
Forward VoltagelSegment 
or DP 
VF 


2.0 
3.0 
V 
IF = 100 mA 


A15X 
Peak Wavelength 
I"EAK 
645 
nm 


Dominant 
Wavelength[3! 
Ad 
637 
nm 


Reverse VoltagelSegment 
or DP') 
, VR 
3.0 
15.0 
V 
~= 
100~ 


Temperature 
Coefficient of 
t.V.j°C 
-2 
mV/oC 
V.jSegment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.FIN 
255 
°CIW/Seg 
to-Pin 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegmentl'''· 6l 
360 
980 
l.p=5mA 
(Digit Average) 
Iv 
~cd 
5390 
IF=20mA 


Forward 
VoltagelSegment 
or DP 
VF 
2.0 
2.5 
V 
l.p=20mA 


750X 
Peak Wavelength 
!,..AK 
635 
nm 


Dominant 
Wavelength!3!. 
Ad 
626 
nm 


Reverse VoltagelSegment 
or DP'] 
VR 
3.0 
30 
V 
IR= 100 ~A 


Temperature 
Coefficient of 
t.V.j°C 
-2 
mV/oC 
V.jSegment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.F1N 
200 
°CIW/Seg 
to-Pin 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
IntensitylSegmentl'''·7' 
225 
480 
~=5mA 
(Digit Average) 
Iv 
~cd 
2740 
~=20mA 


Forward VoltagelSegment 
or DP 
V. 
2.2 
2.5 
V 
~=20mA 


740X 
Peak Wavelength 
"nAK 
583 
nm 


Dominant 
WavelengthI3 .•' 
A. 


d 
581.5 
586 
592.5 
nm 


Reverse'VoltagelSegment 
or DP" 
VR 
3.0 
50.0 
V 
IR = 100~ 


Temperature 
Coefficient of 
t:.v;oC 
·2 
mV/oC 
V;Segment 
or DP 


Thermal Resistance 
LED Junction· 
R8J.P1N 
200 
°CIW/Beg 
to-Pin 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
IntensitylSegmentl' 
.•··' 
860 
3000 
~= 
10mA 
(Digit Average) 
Iv 
~cd 
6800 
~=20mA 


Forward VoltagelSegment 
or DP 
V. 
2.1 
2.5 
V 
~= 
10mA 


780X 
Peak Wavelength 
"nAK 
566 
nm 


Dominant 
Wavelength!3 .•' 
Ad 
571 
577 
nm 


Reverse VoltagelSegment 
or Dp4l 
VR 
3.0 
50.0 
V 
IR= 100~ 


Temperature 
Coefficient of 
t.V;oC 
·2 
mV/oC 
V;Segment 
or DP 


Thermal 
Resistance 
LED Junction· 
R8J.P1N 
200 
°CIW/Beg 
to-Pin 


Notes: 
1. Case temperature 
of device immediately 
prior to the intensity 
measurement 
is 25°C. 
2. The digits are categorized 
for luminous 
intensity. 
The intensity 
category 
is designated 
by a letter 
on the side of the package. 
3. The dominant 
wavelength, 
Ad' is derived from the CIE chromaticity 
diagram 
and is that single wavelength 
which defines the 
color of the device. 


4. Typical specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 
5. For low current 
operation 
the AlGaAs HDSP·AIOI 
series displays 
are recommended. 
6. For low current 
operation 
the HER HDSP-7511 
series displays 
are recommended. 
7. For low current 
operation 
the Yellow HDSp·A801 
series displays 
are recommended. 
8. For low current 
operation 
the Green HDSP·A901 
series displays 
are recommended. 


9. The yellow (HDSP·7400) 
and Green (HDSP.7800) 
displays 
are categorized 
for dominant 
wavelength. 
The category 
is designated 
by a number 
a<ljacent to the luminous 
intensity 
category 
letter. 
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Figure 
1. Maximum 
Tolerable 
Peak 
Current 
va. Pulse 
Duration 
- Red. 
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Figure 
3. Maximum 
Allowable 
DC 
Current 
per Segment 
as a Function. 
of Ambient 
Temperature. 
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Figure 
5. Relative 
Luminous 
Intensity 
va. DC Forward 
Current. 
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Figure 
2. Maximum 
Allowed 
Peak 
Current 
vs. Pulse Duration 
- AlGsAs Red. 
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Figure 
4. Forward 
Current 
vs. 


Forward 
Voltage. 
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Figure 
6. Relative 
Efficiency 
(Luminous 


Intensity 
per Unit Current) 
vs. Peak 
Current. 
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Figure 
7. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse 
Duration 
- HER. 
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Figure 
ll. Forward 
Current 
vs. 


Forward 
Voltage 
Characteristics. 
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Figure 
8. Maximum 
Tolerable 
Peak 
Current 
vs. Pulse 
Duration 
- Yellow. 
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Figure 
10. Maximum 
Allowable 
DC Current 
per Segment 
as a Function 
of Ambient 
Temperature. 
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Figure 
12. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
13. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
V8. Peak Current. 


Electrical/Optical 
For more information 
on 
electrical/optical 
characteristics, 
please see Application 
Note 
1005. 


ConttastEnhancement 
For information 
on contrast 
enhancement 
please see 
Application 
Note 1015. 


Soldering/Cleaning 
Cleaning 
agents from the 
ketone family (acetone, methyl 
ethyl ketone, 
etc.) and from the 
chlorinated 
hydrocarbon 
family 
(methylene 
chloride, trichloro- 
ethylene, 
carbon tetrachloride, 
etc.) are not recommended 
for 
cleaning 
LED parts. All of these 
various 
solvents 
attack 
or 
dissolve the encapsulating 
epoxies used to form the 
package 
of plastic LED parts. 


For further 
information 
on 
soldering 
LEOs please refer to 
Application 
Note 1027. 


Fhii'l HEWLETT 
~t'...•PACKARD 


7.6 mm (0.3 inch)/10.9 mm 
(0.43 inch) Seven Segment 
Displays 


Features 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
7.62 mm (0.300 inch) DIP 
Leads on 2.54 mm 
(0.100 inch) Centers 
• Choice 
of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
Surface Color Gives 
Optimum Contrast 
±50° Viewing Angle 


• Design 
Flexibility 
Common Anode or 
Common Cathode 
Single Digits 
Left or Right Hand Decimal 
Point 
±1. Overflow Character 


• Categorized 
for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
• High Light 
Output 
• High Peak 
Current 
• Excellent 
for Long Digit 
String 
Multiplexing 
• Intensity 
and Color 
Selection 
Available 
See Intensity and Color 
Selected Displays Data Sheet 
• Sunlight 
Viewable 
AlGaAs 


Description 
The 7.6 mm (0.3 inch) and 10.9 
mm (0.43 inch) LED seven 
segment displays are designed 


5082-761X Series 
5082-762X Series 
5082-765X Series 
5082-766X Series 
5082-773X Series 
5082-7740 
5082·775X Series 
5082·7760 
HDSP·360X Series 
HDSP-460X Series 
HDSP-E15X Series 


for viewing distances up to 3 
metres 00 feet) and 5 metres 
(16 feet). These devices use an 
industry standard 
size package 
and pinouts. All devices are 
available as either common 
anode or common cathode. 


Red 
AlGaAs11l 
HER'" 
Yellow 
Green 
Package 
5082· 
Red 
HDSP· 
5082· 
5082- 
HDSp· 
Description 
Drawing 


7730 
7610 
7620 
3600 
7.6 mm Common Anode Left Hand Decimal 
A 


7731 
7611 
7621 
3601 
7.6 mm Common Anode Right Hand Decimal 
B 


7740 
; 
7613 
7623 
3603 
7.6 mm Common Cathode Right Hand Decimal 
C 


7736 
7616 
7626 
3606 
7.6 mm Universal 
±1. Overflow Right Hand 
Decimall') 
D 


7750 
E150 
7650 
7660 
4600 
10.9 mm Common Anode Left Hand Decimal 
E 


7751 
E151 
7651 
7661 
4601 
10.9 rom Common Anode Right Hand Decimal 
F 


7760 
E153 
7653 
7663 
4603 
10.9 mm Common Cathode Right Hand Decimal 
G 


7756 
E156 
7656 
7666 
4606 
10.9 rom Universal 
±1. Overflow Right Hand Decimall'l 
H 


Notes: 
1. These displays 
are recommended 
for high ambient 
light operation. 
Please refer to the HDSP-E10X 
AlGaAs and HDSP-335X 
HER data sheet for low current 
operation. 


2. Universal 
pinout brings the anode and cathode of each segmenfs 
LED out to separate 
pins. See internal 
diagram 
H. 


• 


These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current or 
high light ambient design. The 
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low current displays are ideal 
for portable applications. The 
high light ambient displays are 
ideal for high light ambients or 
long string lengths. For 
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*The 
Side VifNI of package 
indicates 
Country of Origin. 
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.• 
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NOTE 4J 


6.351.250) 
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SIDE 
VIEW 


* The Side View of package 
indicates Country 
of Origin. 


additional information see the 
Low Current Seven Segment 
Displays, or High Light 
Ambient Seven Segment 
Displays data sheets. 


FUNCTION 


PIN 
A 
B 
C 
0 


1 
CATHOOE-a 
CATHODE-a 
NO PIN 
ANODE·d 


2 
CATHODE·, 
CATHODE·' 
CATHOOElil 
NO PIN 


3 
ANODE'l] 
ANOOE'll 
ANODE-' 
CATHODE·d 
• 
NO PIN 
NO PIN 
ANODE-g 
CATHODE·c 


5 
NO PIN 
NO PiN 
ANOOE-e 
CATHODE·e 


6 
CATHODE·dp 
NO CONN.I'1 
ANODE·d 
ANODE·. 


7 
CATHODE-. 
CATHODE-e 
NO PIN 
ANODE-c 


8 
CATHODE·d 
CATHODE·d 
NO PIN 
ANODE·dp 


9 
NO CONN,I'I 
CATHODE-dp 
CATHODEli] 
NO PIN 
I. CATHODE-c 
CATHODE-c 
ANODE-dp 
CATHODE·dp 


11 
CATHODE-g 
CATHODE·a 
ANOOE-c 
CATHODE·b 


12 
NO PIN 
NO PiN 
ANODE·b 
CATHOOE·a 


13 
CATHODE-b 
CATHODE·b 
ANODE-a 
ANODE-s 


" 


ANODEI31 
ANODEI1] 
NO PiN 
ANODE·b 


--l f~~~ 
MAX. 
I 
---.1. 
...LR I~:';I 


4.061.1601 
-r 


MIN. 
I 
1-; 
---IiI- 0.2510101 


7.621.3OOI-r------l 


NOTES; 


1. DIMENSIONS 
IN 
M1WMETRES 
AND 
ONCHES~ 


2_ ALL 
UNTOlERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 


3. REDUNDANT 
ANODES. 


•. 
UNUSED 
DP 
POSITION. 


5. SEE INTERNAL 
CIRCUIT 
DIAGRAM. 


6. REDUNDANT 
CATHODE. 


7. SEE 
PART 
NUMBER 
TABLE 
FOR LH.D.P. 


AND 
R.H.D.P. 


DESIGNATION. 


8. FOR YELLOW 
AND 
GREEN 
DEVICES 
ONLY. 
1:. 


2'" 
d 
~ 
13--. 


19.05! 0.25: 
= ~ 
::~ 
10.31 


1.750' 
.010) 
a 0 
(.4061 


5'" 
Ie 
b 
+ 
10 


6'" 
0 
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FUNCTION 


PIN 
E 
F 
G 
H 


1 
CATHODE-a 
CATHODE-. 
ANODE-a 
CATHODE·d 


2 
CATHODE·' 
CATHODE·' 
ANODE·' 
ANODE-d 


3 
ANODB') 
ANODEP) 
CATHODElt) 
NO PIN 


• 
NO PIN 
NO PIN 
NO PIN 
CATHODE.., 


5 
NO PIN 
NO PIN 
NO PIN 
CATHODE-e 


6 
CATHODE-dp 
NO CONN)'1 
NO CONN.!'I 
ANODE 
.• 


7 
CATHOOE-e 
CATHODE-e 
ANODE-e 
ANODE..c 
8 
CATHODE-d 
CATHODE-d 
ANODE-d 
ANODE-dp 


9 
NO CONN.1'1 
CATHODE-dl 
ANODE-dp 
CATHODE-d. 


10 
CATHODE..c 
CATHODE..c 
ANODE..c 
CATHODE·b 


11 
CATHODE-g 
CATHODE-g 
ANODE-g 
CATHODE-a 


12 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


13 
CATHODE·b 
CATHODE·b 
ANODE·b 
ANODE·. 


" 
ANODEt'l 
ANODEt'] 
CATHODElt] 
ANODE-b 


Red 
AlGaAsRed 
HER 
Yellow 
Green 
5082-7700 
HDSP·E150 
5082·76101 
5082·76201 
HDSP-36001 
Description 
Series 
Series 
7650 Series 
7660 Series 
4600 Series 
Units 


Average Power per Segment 
or DP 
82 
96 
105 
80 
105 
mW 


Peak Forward 
Current 
per 
150"] 
160"] 
90''' 
60"] 
90"] 
mA 
Segment 
or DP 


DC Forward 
Current 
per 
25[2] 
40''' 
30"] 
20"] 
3010] 
mA 
Segment 
or DP 


Operating 
Temperature 
Range 
-40 to +100 
-20 to +100[11] 
-40 to +100 
°C 


Storage 
Temperature 
Range 
-55 to +100 
°C 


Reverse 
Voltage per 
3.0 
V 
Segment 
or DP 


Lead Solder Temperature 
for 3 
Seconds (1.59 mm [0.063 in.] 
260 
°C 
below seating 
plane 


Notes: 
1. See Figure 
1 to establish 
pulsed conditions. 


2. Derate 
above 80°C at 0.63 mArC. 


3. See Figure 
2 to establish 
pulsed conditions. 


4. Derate 
above 46°C at 0.54 mArC. 


5. See Figure 
7 to establish 
pulsed conditions. 
6. Derate 
above 53°C at 0.45 mArC. 


7. See Figure 
8 to establish 
pulsed conditions. 


B. Derate 
above BlOC at 0.52 mAl"C. 
9. See Figure 
9 to establish 
pulsed conditions. 
10. Derate 
above 39°C at 0.37 mArC. 


11. For operation 
below .20°C, contact your local HP components 
sales office or an authorized 
distributor. 


• 


Electrical/Optical Characteristics at TA = 25°C 


Red 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


5082·773X 
Luminous 
Intensity/Segment[I.2J 
360 
770 
~cd 
IF = 20 mA 
5082-774X 
(Digit Average) 
Iv 


5082-775X 
360 
1100 
~cd 
IF = 20 mA 
5082.776X 


Forward 
VoltagelSegment 
or DP 
VF 
1.6 
2.0 
V 
IF = 20 mA 


Peak Wavelength 
ApEAK 
655 
nm 


Dominant 
Wavelength[3J 
Ad 
640 
nm 
All 
Reverse 
VoltagelSegment 
or DP«J 
Va 
3.0 
12 
V 
Ia = 100 ~A 


Temperature 
Coefficient 
of 
t>.VF/oC 
-2 
mV/oC 


VFlSegment 
or DP 


Thermal 
Resistance 
LED 
R8J.p,N 
280 
°CIW/Seg 


Junction-to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity/Segment!I,2.5] 
Iv 
8.5 
15.0 
mcd 
IF=20mA 
(Digit Average). 


1.8 
V 
IF = 20 mA 
Forward 
VoltagelSegment 
or DP 
VF 
2.0 
3.0 
V 
IF = 100 mA 
HDSP- 
E15X 
Peak Wavelength 
ApEAK 
645 
nm 


Dominant 
Wavelength[3J 
Ad 
637 
nm 


Reverse 
Voltage/Segment 
or Dpl4J 
Va 
3.0 
15 
V 
Ia = 100 ~ 


Temperature 
Coefficient 
of 
t>.Vpl°C 
-2 
mV/oC 
VFlSegment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.p,N 
340 
°CIW/Seg 
to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


5082-761X 
Luminous 
IntensitylSegment!1,2.6] 
340 
800 
!Lcd 
Ip = 5 mA 


(Digit Average) 
Iv 
5082-765X 
340 
1115 
!Lcd 
IF=5mA 


Forward VoltagelSegment 
or DP 
VF 
2.1 
2.5 
V 
IF=20mA 


Peak Wavelength 
ApEAK 
635 
nm 


Dominant 
Wavelength!3] 
Ad 
626 
nm 
All 
Reverse VoltagelSegment 
or Dpl'] 
Va 
3.0 
30 
V 
Ia = 100 !LA 


Temperature 
Coefficient of 
t:"v/oC 
-2 
mV/oC 
VplSegment or DP 


Thermal 
Resistance 
LED 
R8J.P1N 
280 
°CIW 
Junction-to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


5082-762X 
Luminous 
IntensitylSegment!1.2] 
205 
620 
!Lcd 
IF = 5mA 
(Digit Average) 
Iv 
5082-766X 
290 
835 
!Lcd 
IF=5mA 


Forward 
VoltagelSegment 
or DP 
VF 
2.2 
2.5 
V 
Ip=20mA 


Peak Wavelength 
ApEAK 
583 
nm 


Dominant 
Wavelength!3,?] 
Ad 
581.5 
586 
592.5 
nm 
All 
Reverse VoltagelSegment 
or Dpl'] 
Va 
3.0 
40 
V 
Ia = 100 !LA 


Temperature 
Coefficient of 
tNpl°C 
-2 
mV/oC 
VplSegment or DP 


Thermal 
Resistance 
LED 
R8J.PlN 
280 
°CIW/Seg 
Junction-to-Pin 
• 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


HDSP-360X 
Luminous 
IntensityISegmentl1,2J 
860 
2700 
~cd 
IF = 10 mA 


(Digit 
Average) 
Iv. 


HDSP·460X 
1030 
4000 
~cd 
IF = 10 mA 


Forward 
VoltagelSegment 
or DP 
VF 
2.1 
2.5 
V 
IF = 10 mA 


Peak 
Wavelength 
A."EAK 
566 
nm 


Dominant 
Wavelength[3,7l 
"'d 
571 
577 
nm 
All 
Reverse 
VoltagelSegment 
or DIll·] 
Va 
3.0 
50 
V 
Ia = 100 ~ 


Temperature 
Coefficient 
of 
t:.V/oC 
-2 
mV/oC 


VFlSegment 
or DP 


Thermal 
Resistance 
LED 
ReJ.P1N 
280 
°CIW/Seg 


Junction-to-Pin 


Notes: 
1. Device case temperature is 25°C prior to the intensity measurement. 
2. The digits are categorized 
for luminous 
intensity. 
The intensity 
category is designated 
by a letter 
on the side of the package. 


3. The dominant 
wavelength, 
Ad' is derived from the CIE chromaticity 
diagram 
and is that 
single wavelength 
which defines the 


color of the device. 
. 


4. Typical specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 


5. For low current 
operation, 
the AIGaAs HDSP-EIOX 
series displays 
are recommended. 
They are tested 
at 1 mA ddsegment 


and are pin for pin compatible 
with the HDSP-E15X 
series. 


6. For low current 
operation, 
the HER HDSP-335X 
series displays 
are recommended. 
They are tested 
at 2 mA ddsegment 
and 


are pin for pin compatible 
with the 5082-7650 series. 
7. The Yellow (5082.7620n660) and Green (HDSP-3600/4600) 
displays 
are categorized 
for dominant 
wavelength. 
The category 
is 


designated 
by a number 
adjacent 
to the luminous 
intensity 
category 
letter. 
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Figure 
2. Maximum 
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Figure 
3. Maximum 
Allowable 
DC Current 
VS. 


Ambient 
Temperature. 
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Figure 
11. Forward 
Current 
vs. 
Forward 
Voltage. 
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Figure 
10. Maximum Allowable DC Current 
vs. Ambient 
Temperature. 
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Figure 
12. Relative 
Luminous 
Intensity 
vs. DC Forward 
Current. 
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Figure 
13. Relative 
Luminous 
Efficiency 
(Luminous 
Intensity 
per 


Unit Current) 
vs. Peak Current. 


Contrast Enhancement 
For infonnation 
on contrast 
enhancement 
please see 
Application 
Note 1015. 


Soldering/Cleaning 
Cleaning 
agents 
from the 
ketone family (acetone, 
methyl 
ethyl ketone, 
etc.) and from the 
chlorinated 
hydrocarbon 
family 
(methylene 
chloride, trichloro- 
ethylene, 
carbon tetrachloride, 
etc.) are not recommended 
for 
cleaning 
LED parts. 
All of these 
various 
solvents 
attack 
or 
dissolve the encapsulating 
epoxies used to form the 
package 
of plastic LED parts. 
• 
For further 
information 
on 
soldering 
LEDs please refer to 
Application 
Note 1027. 


rh~ HEWLETT 
~r...•PACKARD 


10 mm (0.40 inch) Seven 
Segment Displays 


Features 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
7.6 mm Co.3 inch) DIP Single 
15.24 mm (0.6 inch) DIP Dual 
Leads on 2.54 mm 
Co.l inch) Centers 
• Choice 
of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Orange, 
Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
Gray Package Gives 
Optimum Contrast 
±50° Viewing Angle 


• Design 
Flexibility 
Common Anode or 
Common Cathode 
Single and Dual Digits 
Right Hand Decimal Point 
±l. Overflow Character 
• Categorized 
for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
• High Light 
Output 
• High Peak 
Current 
• Excellent 
for Long Digit 
String 
Multiplexing 


HDSP-FOOX Series 
HDSP-F15X 
Series 
HDSP-F20X 
Series 
HDSP-F30X 
Series 
HDSP-F40X 
Series 
HDSP-F50X 
Series 
HDSP-GOOX Series 
HDSP-G15X 
Series 
HDSP-G20X 
Series 
HDSP-G30X 
Series 
HDSP-G40X 
Series 
HDSP-G50X 
Series 


• Intensity 
and Color 
Selection 
Option 
• Sunlight 
Viewable 
AlGaAs 


AlGaAs 
Red 
Redl1] 
HER 
Orange 
Yellow 
Green 
Package 


HDSP· 
HDSP- 
HDSP- 
HDSp· 
HDSP· 
HDSP· 
Description 
Drawing 


FOOl 
Fl5l 
F20l 
F40l 
F30l 
F50l 
CommonAnodeRight Hand Decimal 
A 


FOO3 
Fl53 
F203 
F403 
F303 
F503 
CommonCathodeRight Hand Decimal 
B 


FOO7 
Fl57 
F207 
F407 
F307 
F507 
CommonAnode±l. Overflow 
C 


FOO8 
Fl58 
F208 
F408 
F308 
F508 
CommonCathode±l. Overflow 
D 


GOOI 
Gl5l 
G20l 
G40l 
G30l 
G50l 
TwoDigit CommonAnode 


Right Hand Decimal 
E 


GOO3 
Gl53 
G203 
G403 
G303 
G503 
TwoDigit CommonCathode 


Right Hand Decimal 
F 


Note: 
1. These displays arc recommended 
for high ambient 
light operation. 
Please refer to the HDSP-FIOX data sheet for low current 


operation. 


Description 
The 10 mm (0.40 inch) LED 
seven segment displays are 
HP's most space-efficient 
character size. They are 
designed for viewing distances 


2 
f 
12.90 ± 0.50 
3 


(0,508 ± 0.020) 
t 
: 


9.79 MAX. 
I 


(0.385 MAX.) 
- 


:0---.- 


10.16 
(0.400) 
7 
, 


6---- 


fa 


0.25 
_ 


(0.010) 
~- 


7.62 


(0.3001 


2.54 (0.100 
TYP.) 
_---l 


-~ 


1,14 


(0.045) 


DATE CODE 


• The End View of package indicates 
Country 01Origin. 


up to 4.5 metres (15 feet). These 
devices use an industry 
standard 
size package and 
pinout. The dual numeric, single 
numeric, and ±l. overflow 
devices feature a right hand 


(O~20~J-- 


6.36 MAX. 


(0.250 MAX.,- 


TOP END VIEW A, B, C, D 


-The End View of package indicates Country of Origin. 


decimal point. All devices are 
available as either common 
anode or common cathode. 


Typical applications include 
instruments, 
point of sale 


terminals, 
and appliances . 


'0 


9 


12.90±O.50 
8 
(0.508 ± a.02D) 
MINUS Dc 
7 


_t 
5 
I DpO 
6 


9.79 MAX. _I 
1- 


(0.385 MAX.) 


r 


4.29 
MIN. 


0.169 
-I 


15.24 


(0.6001 


NOTES: 
1. DIMENSIONS 
ARE IN MILLIMETRES 
(INCHES). 


2. ALL UNTOLERANCED 
OIlMENSIONS 
ARE FOR REFERENCE 
ONLY. 


3. WHEAE APPLICABLE. 


• 


FUNCTION 


PIN 
A 
B 
C 
0 


1 
ANODB') 
CATHODEI'j 
ANODE.t'! 
CATHODElll 


2 
CATHODEf 
ANODEf 
CATHODE 
PLUS 
ANODE 
PLUS 


3 
CATHODEg 
ANODEg 
CATHODE 
MINUS 
ANODE 
MINUS 
• 
CATHODE 
e 
ANODEe 
NC 
NC 


5 
CATHODEd 
ANODEd 
NC 
NC 


6 
ANODE") 
CATHODEtl) 
ANODEt'! 
CATHODE") 


7 
CATHODEDP 
ANODE 
DP 
CATHODE 
DP 
ANODEDP 


8 
CATHODE c 
ANODEc 
CATHODEc 
ANODEc 
8 
CATHODEb 
ANODEb 
CATHODEb 
ANODEb 
'0 
CATHODE. 
ANODE. 
NC 
NC 


NOTES: 
1. REDUNDANT 
ANODES 
2. REDUNDANT 
CATHODES 


~0.'50IN. 


'i. 
I 
? 
au i 
alj- ~ 
~o 
I 


o 
01 
0 
0 
<;> 


FUNCTION 


PIN 
E 
F 


1 
E CATHODE 
NO. 
, 
E ANODE 
NO. 1 


2 
o CATHODE 
NO. 1 
o ANODE 
NO. 1 


3 
C CATHODE 
NO.1 
C ANODE 
NO. 
, 
• 
OP CATHODE 
NO.1 
DP ANODE 
NO.1 
5 
E CATHODE 
NO.2 
EANODE 
NO.2 


6 
o CATHODE 
NO.2 
o ANODE 
NO. 2 


7 
G CA THODE 
NO. 2 
GANODE 
NO.2 


8 
C CATHODE 
NO.2 
C ANODE 
NO. 2 


8 
CP CATHODE 
NO.2 
DP ANODE 
NO.2 
'0 
B CATHODE 
NO.2 
BANODE 
NO.2 


11 
A CATHODE 
NO.2 
A ANODE 
NO. 2 


12 
F CATHODE 
NO.2 
FANODE 
NO. 2 


13 
DIGIT 
NO.2 
ANODE 
DIGIT 
NO.2 
CATHODE 
,. 
DIGIT NO. , ANODE 
DIGIT 
NO.1 
CATHODE 


'5 
B CATHODE 
NO. , 
B ANODE 
NO. 
, 


'6 
A CATHODE 
NO. , 
A ANODE 
NO. 
, 


17 
G CATHODE 
NO. , 
GANODE 
NO.1 


18 
F CATHODE 
NO. , 
FANODENO.l 


I 
o 
? 
0--- 
au 
illj- 
c::/ 0 
o 
<;> 
0--- 


'i. 


HOLE PATTERN 
FOR PCB LAYOUT 
TO ACHIEVE 
UNIFORM 
0.450 In. DIGIT TO DIGIT PITCH. FOR HDSP-FXXX 
TO HDSP-GXXX. 


4-72 


Red 
AlGaAs 
Red 
HEWOrange 
Yellow 
Green 
HDSP- 
HDSP· 
HDSP· 
HDSP· 
HDSP· 


FOOXlGOOX 
F15X1G15X 
F20XlG20Xl 
F30XlG30X 
F50XlG50X 
Description 
Series 
Series 
G40X Series 
Series 
Series 
Units 


Average Power per Segment 
or DP 
82 
96 
105 
80 
105 
mW 


Peak Forward 
Current 
per 
150£1] 
160'" 
90"] 
60"] 
90"] 
mA 
Segment 
or DP 


DC Forward 
Current 
per 
25"] 
40"] 
30"] 
20''' 
30£101 
mA 
Segment 
or DP 


Operating 
Temperature 
Range 
-40 to +100 
-20 to +100'"] 
-40 to +100 
°C 


Storage 
Temperature 
Range 
-55 to +100 
°C 


Reverse Voltage per 
3.0 
V 


Segment 
or DP 
, 
r 


Lead Solder Temperature 
for 3 
, 


Seconds (1.59 mm [0.63 in.) 
260 
°C 
below seating 
plane) 


Notes: 


1. See Figure 
1 to establish 
pulsed conditions. 


2. Derate 
above 80°C at 0.63 rnAJ"C. 


3. See Figure 
2 to establish 
pulsed conditions. 
4. Derate 
above 46°C at 0.54 rnAJ"C. 


5. See Figure 
7 to establish 
pulsed conditions. 
6. Derate 
above 53°C at 0.45 rnAJ"C. 


7. See Figure 8 to establish 
pulsed conditions. 


8. Derate 
above 81°C at 0.52 rnAJ"C. 
9. See Figure 9 to establish 
pulsed conditions. 


10. Derate above 39°C at 0.37 rnAJ"C. 
11. For operation 
below _20°C, contact your local UP 


components 
sales office or an authorized 
distributor. 


Electrical/Optical Characteristics at TA = 25°C 


Red 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
Intensity/Segment[l,21 
Iv 
650 
1200 
J.lcd 
IF = 20 mA 


(Digit 
Average) 


Forward 
Voltage/Segment 
or DP 
VF 
1.6 
;!.O 
V 
IF = 20 mA 


HDSP- 
Peak 
Wavelength 
ApEAK 
655 
nm 
FOOXl 
GOOX 
Dominant 
Wavelengthl3! 
Ad 
640 
nm 


Reverse 
Voltage/Segment 
or Dpl') 
VR 
3.0 
12 
V 
IF = 100 J.1A 


Temperature 
Coefficient 
of 
t;.Vyl°C 
-2 
mV/oC 
VFlSegment 
or DP 


Thermal 
Resistance 
LED 
R8J.P1N 
320 
°CIW/Seg 
Junction-to-Pin 


I 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegment;!I.2.5J 
Iv 
7.5 
15.0 
mcd 
IF=20mA 
(Digit Average) 


Forward 
VoltagelSegment 
or DP 
VF 
1.8 
2.2 
V 
IF=20mA 


HDSP- 
Peak Wavelength 
ApEAK 
645 
nm 
F15X1 
G15X 
Dominant 
Wavelength!3] 
Ad 
637 
nm 


Reverse VoltagelSegment 
or DIll') 
Va 
3.0 
15 
V 
Ia = 100 I!A 


Temperature 
Coefficient of 
tiV/oC 
-2 
mV/oC 
VFlSegment or DP 


Thermal 
Resistance 
LED 
ReJ.P1N 
320 
°CIW/Seg 
Junction-to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegment;!1.2J 
Iv 
420 
1200 
~cd 
IF = 5 mA 
(Digit Average) 


Forward 
Voltage/Segment 
or DP 
VF 
2.0 
2.5 
V 
iF = 20 mA 


HDSP- 
Peak Wavelength 
ApEAK 
635 
nm 
F20Xl 
G20X 
Dominant 
Wavelengthl3] 
Ad 
626 
nm 


Reverse VoltagelSegment 
or DIll') 
Va 
3.0 
30 
V 
Ia = 100 I!A 


Temperature 
Coefficient of 
t;.V/oC 
-2 
mV/oC 
VFlSegment or DP 


Thermal 
Resistance 
LED 
ReJ.PIN 
320 
°CIW/Seg 
Junction-to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegmentl'·2J 
Iv 
420 
1200 
J.lcd 
IF=5mA 
(Digit Average) 


Forward 
VoltagelSegment 
or DP 
VF 
2.0 
2.5 
V 
IF = 20 mA 


HDSP- 
Peak Wavelength 
A"EAK 
600 
nm 
F40Xl 
G40X 
Dominant 
Wavelength[3J 
Ad 
603 
nm 


Reverse VoltagelSegment 
or Dpl4J 
VR 
3.0 
30 
V 
IR = 100 J.1A 


Temperature 
Coefficient of 
tNyl°C 
-2 
mV/oC 
VFlSegment or DP 


Thermal 
Resistance 
LED 
RSJ_P1N 
320 
°CIW/Seg 
Junction-to-Pin 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegmentl'·2J 
290 
800 
J.lcd 
IF = 5 mA 
(Digit Average) 
Iv 


Forward 
Voltage/Segment 
or DP 
VF 
2.2 
2.5 
V 
Ip=20mA 


HDSP- 
Peak Wavelength 
A"EAK 
583 
nm 
F30Xl 
G30X 
Dominant 
Wavelength[3,6J 
Ad 
581.5 
586 
592.5 
nm 


Reverse VoltagelSegment 
or Dpl4J 
VR 
3.0 
40 
V 
IR = 100 J.1A 


Temperature 
Coefficient of 
flJ.Vyl°C 
-2 
mV/oC 
Vp/Segment or DP 


Thermal 
Resistance 
LED 
RSJ.P1N 
320 
°CIW/Seg 
Junction-to-Pin 


• 


Device 
Test 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


Luminous 
IntensitylSegment",21 
Iv 
1030 
3500 
).lcd 
I,. = 10 mA 


(Digit 
Average) 


Forward 
VoltagelSegment 
or DP 
VF 
2.1 
2.5 
V 
IF = 10 mA 


HDSP- 
Peak 
Wavelength 
A"EAK 
566 
nm 
F50X! 
G50X 
Dominant 
Wavelength[3.6] 
A. 


d 
571 
577 
nm 


Reverse 
VoltagelSegment 
or DPHI 
Vs 
3.0 
50 
V 
Is = 100 j.lA 


Temperature 
Coefficient 
of 
t-.V/oC 
-2 
mVioC 
VylSegment 
or DP 


Thermal 
Resistance 
LED 
RBJ.P1N 
320 
°CfWlSeg 
Junction-to-Pin 


Notes: 
1. Case temperature 
of device immediately 
prior to the intensity 
measurement 
is 25°C. 
2. The digits are categorized 
for luminous 
intensity. 
The intensity 
category 
is designated 
by a letter 
on the side of the package. 


3. The dominant 
wavelength, 
A" is derived from the CIE chromaticity 
diagram 
and is that single wavelength 
which defines the 


color of the device. 


4. Typical specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 
5. For low current 
operation, 
the AlGaAs HDSP-FlOX, 
G lOX series displays 
are recommended. 
They are tested 
at I rnA 
dc/segment 
and are pin for pin compatible 
with the HDSP-FI5X1G 15X series. 
6. The Yellow (HDSP-F30XlG30X) 
series and Green (HDSP-F50XlG50X) 
series displays 
are categorized 
for dominant 
wavelength. 


The category 
is designated 
by a number 
adjacent 
to the luminous 
intensity 
category 
letter. 
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Figure 
3. Maximum 
Allowable 
DC Current 
VB. Ambient 
Temperature. 
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OPERATION 
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REGION REQUIRES 
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OPERATION 
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Figure 
7. Maximum Tolerable 
Peak Current 
vs. 
Pulse Duration 
- HER, Orange. 


OPERATION 
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Figure 
11. Forward 
Current 
vs. Forward 
Voltage Characteristics. 
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Figure 
10. Maximum Allowable 
DC Current 
VB. 


Ambient 
Temperature. 
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Figure 13.Relative Efficiency (Luminous Intensity 
per Unit Current) vs. Peak Current. 


Contrast Enhancement 
For information on contrast 
enhancement 
please see 
Application Note 1015. 


Soldering/Cleaning 
Cleaning agents from the 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. 
All of 
these various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


For information on soldering 
LEDs please refer to 
Application Note 1027. 


I 


14.2 mm (0.56 inch) 
Seven Segment Displays 


Features 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
15.24 mm (0.6 in.) DIP Leads 
on 2.54 mm (0.1 in.) Centers 
• Choice 
of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
Mitered Comers on Segments 
Gray Package Gives Optimum 
Contrast 
±50° Viewing Angle 
• Design 
Flexibility 
Common Anode or Common 
Cathode 
Single and Dual Digits 
Right Hand Decimal Point 
±1. Overflow Character 


• Categorized 
for Luminous 
Intensity 
Yellow and Green Categorized 
for Color 
Use of Like Categories Yields 
a Uniform Display 
• High Light 
Output 
• High Peak 
Current 
• Excellent 
for Long Digit 
String 
Multiplexing 
• Intensity 
and Color 
Selection 
Option 
See Intensity and Color 
Selected Displays Data Sheet 
• Sunlight 
Viewable 
AlGaAs 


Description 
The 14.2 mm (0.56 inch) LED 
seven segment displays are 
designed for viewing distances 


HDSP-530X 
Series 
HDSP-532X 
Series 
HDSP-550X 
Series 
HDSP-552X 
Series 
HDSP-560X 
Series 


HDSP-562X 
Series 


HDSP-570X 
Series 
HDSP-572X 
Series 


HDSP-Hl5X 
Series 


up to 7 metres (23 feet). These 
devices use and industry 
standard 
size package and 
pinout. Both the numeric and ±1 
overflow devices feature a right 
hand decimal point. All devices 
are available as either common 
anode or common cathode. 


Red 
AlGaAsRed 
HER 
Yellow 
Green 
Package 
HDSP- 
HDSP-U) 
HDSP-U) 
HDSP- 
HDSP- 
Description 
Drawing 
5301 
H151 
5501 
5701 
5601 
CommonAnodeRight Hand Decimal 
A 
5303 
H153 
5503 
5703 
5603 
CommonCathode Right Hand Decimal 
B 
5307 
H157 
5507 
5707 
5607 
CommonAnode±l. Overflow 
C 
5308 
H158 
5508 
5708 
5608 
CommonCathode ±l. Overflow 
D 
5321 
5521 
5721 
5621 
TwoDigit CommonAnodeRight Hand 
E 
Decimal 


5323 
5523 
5723 
5623 
TwoDigit CommonCathode Right Hand 
F 
Decimal 


Note: 
1. These 
displays 
are recommended 
for high 
ambient 
light operation. 
Please 
refer to the HDSP·HIOXIKl2X 
AIGaAs 
and HDSP· 


555X HER 
data 
sheet 
for low current 
operation. 


These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current 
design. The low current displays 


are ideal for portable applica- 
tions. For additional 
information see the Low 
Current Seven Segment 
Displays data sheet. 
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18 17 16 1514 13 12 1110 


FUNCTION 


PIN 
A 
B 
C 
D 
E 
F 
• 
CATHODE 
• 
ANODE. 
CATHODEe 
ANODEc 
E CATHODE 
NO •• 
EANODE 
NO.' 


2 
CATHODEd 
ANODEd 
ANODEc,d 
CATHODEc,d 
o CATHODE 
NO. 1 
DANODENO.' 
3 
ANODE'" 
CATHOOEl4 
CATHODEb 
ANODEb 
C CATHODE 
NO. 1 
C ANODE 
NO. 1 
4 
CATHOOEc 
ANODE 
0 
ANODEo,t>, 
DP 
CATHODE 
•• b. DP 
DP CATHODE 
NO •• 
DP ANODE 
NO •• 
5 
CATHODEDP 
ANODEDP 
CATHOPDEDP 
ANODE 
DE 
E CATHODE 
NO •• 
EANODE 
NO.2 
8 
CATHODEb 
ANODEb 
CATHODE. 
ANODE. 
o CATHODE 
NO.2 
o ANODE 
NO. 2 


7 
CATHODE. 
ANODe. 
ANODE"",DP 
CATHODE 
•• b 
DP 
G CA THOOE 
NO. 2 
GANOOE 
NO.2 
8 
ANODE'" 
CATHODEI4 
ANODEc,d 
CATHODEc,d 
C CATHODE 
NO. 2 
C ANODE 
NO. 2 
• 
CATHODE' 
ANODE' 
CATHODEd 
ANODEd 
DP CATHODE 
NO. 2 
DP ANODE 
NO. 2 


.0 
CATHODE. 
ANODE. 
NO PIN 
NO PIN 
B CATHODE 
NO. 2 
B ANODE 
NO. 2 


11 
A CATHODE 
NO. 2 
A ANODE 
NO. 2 


.2 
F CATHODE 
NO. 2 
FANODE 
NO.2 
.3 
DIGIT 
NO. 2 ANODE 
DIGIT 
NO.2 
CATHODE 
.4 
DIGIT 
NO •• 
ANODE 
DIGIT 
NO •• 
CATHODE 
'5 
B CATHODE 
NO.' 
BANODENO.' 


1& 
.. 
A CATHODE 
NO .• 
AANODENO.' 


17 
G CIHHODE 
NO •• 
o 
ANODE 
NO.' 
.8 
FCATHOOE 
NO.1 
FANOOE 
NO.1 


NOTES: 


•• AU 
DIMENSIONS 
IN MilUMETRES 
(INCHES~ 


2. AU 
UNTOlERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 


3. REDUNDANT 
ANODES. 


4. REDUNDANT 
CATHODES. 


5. FOR HDSP-66OO1-6700 
SERIES 
PRODUCT 
ONLY. 


Red 
AlGaAsRed 
HER 
Yellow 
. Green 
HDSP-5300 
HDSP·H150 
HDSP-5500 
HDSP-5700 
HDSP-5600 
Description 
Series 
Series 
Series 
Series 
Series 
Unitll 


Average 
Power per Segment 
or DP 
82 
96 
105 
80 
105 
mW 


Peak Forward 
Current 
per 
150'u 
160'~ 
90"' 
60m 
90[0' 
mA 
Segment 
or DP 


DC Forward 
Current 
per 
25'~ 
40'" 
30'~ 
20''' 
30'0' 
mA 
Segment 
or DP 


Operating 
Temperature 
Range 
-40 to +100 
·20 to + 100'1ll 
-40 to +100 
"C 


Storage 
Temperature 
Range 
-55 to +100 
"C 


Reverse 
Voltage 
per 
, 


3.0 
V 
Segment 
or DP 


Lead Solder Temperature 
for 
3 Seconda (1.60 mm [0.063 in.) 
260 
"C 
below seating 
plane) 


Notes: 
1. See Figure 
1 to eatablish 
pulsed conditions. 
2. Derate 
above 80°C at 0.63 mAl"C. 
3. See Figure 
2 to establish 
pulsed conditions. 
4. Derate 
above 46"C at 0.64 mAI"C. 
5. See Figure 
7 to eatablish 
pulsed conditions. 


6. Derate 
above 53"C at 0.45 mAI"C. 


7. See Figure 
8 to establish 
pulsed conditions. 


8. Derate 
above 81"C at 0.52 mAI"C. 


9. See Figure 
9 to eatablish 
pulsed conditions. 


10. Derate 
above 39°C at 0.37 mAI"C. 
11. For operation 
below .20°C, contact your local HP 
components 
sales office or an authorized 
distributor. 


Electrical/Optical Characteristics 
at TA = 25°C 


Red 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


600 
1300 
~=20mA 


Luminous 
Intensity/Segmentll,2) 
Iv 
!Lcd 
(Digit Average) 
1400 
IF = 100 mA Peak: 
1 of 5 df 


Forward VoltagelSegment 
or DP 
VF 
1.6 
2.0 
V 
~=20mA 


53XX 
Peak Wavelength 
~AI< 
655 
nm 


Dominant 
Wavelength'3l 
Ad 
640 
nm 


Reverse Voltage/Segment 
or Dp'l 
VR 
3.0 
12 
V 
IR = 100 !LA 


Temperature 
Coefficient of 
t:.V/oC 
-2 
mV/oC 
V;Segment 
or DP 


Thermal 
Resistance 
LED Junction- 
ReJ.Pin 
345 
°CIW/ 


to-Pin 
Seg 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Luminous 
Intensity/Segment",2,,) 
Iv 
9.1 
16.0 
mcd 
IF = 20 mA 


(Digit Average) 


1.8 
IF = 20 mA 


Forward VoltagelSegment 
or DP 
VF 
V 
2.0 
3.0 
IF=100mA 
H15X 
Peak Wavelength 
"'EAI< 
645 
nm 


Dominant 
Wavelengthl3] 
Ad 
637 
nm 


Reverse VoltagelSegment 
or DP') 
VR 
3.0 
15 
V 
IR = 100 !LA 


Temperature 
Coefficient of 
t:.V/oC 
-2 
mV/oC 
V;Segment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.Pin 
400 
°CIW/ 


to-Pin 
Seg 


• 


Device 
Series 
HDSp· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


900 
2800 
~= 10mA 
Luminous 
Intensity/Segmentp·2.6) 
Iv 
Ilcd 


; 
(Digit Average) 
3700 
IF= 60 mA Peak: 
1 of6 df 


Forward Voltage/Segment 
or DP 
VF 
2.1 
2.5 
V 
IF= 20 mA 
55XX 
Peak Wavelength 
A...AK 
635 
nm 


Dominant 
Wavelength!3] 
Ad 
626 
nm 


Reverse Voltage/Segment 
or DP') 
VR 
3.0 
30 
V 
~ = 100 IlA 


Temperature 
Coefficient of 
t.V';°C 
-2 
mV/oC 
V~egment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.Pin 
345 
°CIWI 


to-Pin 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


600 
1800 
IF= 10 mA 
Luminous 
Intensity/Segment(l~) 
Iv 
Ilcd 


(Digit Average) 
2750 
IF= 60 mA Peak: 
1 of6 df 


Forward Voltage/Segment 
or DP 
VF 
2.1 
2.5 
V 
IF= 20 mA 
57XX 
Peak Wavelength 
A...AK 
583 
nm 


Dominant 
WavelengthI3•7) 
Ad 
581.5 
586 
592.5 
nm 


Reverse Voltage/Segment 
or Dp·l 
VR 
3.0 
40 
V 
IR = 100 IlA 


Temperature 
Coefficient of 
t.V';°C 
-2 
mV/OC 
V~egment 
or DP 


Thermal 
Resistance 
LED Junction- 
R8J.Pin 
345 
°CIWI 


to-Pin 
Seg 


Device 
Series 
HDSP· 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


900 
2500 
Ip= 10 mA 
Luminous 
Intensity/Segmentll~J 
Iv 
~cd 
(Digit Average)' 
3100 
Ip = 60 mA Peak: 
1 of6 df 


Forward 
Voltage/Segment 
or DP 
Vp 
2.1 
2.5 
V 
Ip= 10 mA 
56XX 
Peak Wavelength 
~AK 
566 
nm 


Dominant 
Wavelength13·') 
1... 
571 
577 
nm 


Reverse 
Voltage/Segment 
or Dp·J 
Va 
3.0 
50 
V 
Ia= 100~ 


Temperature 
Coefficient 
of 
t.V.;oC 
·2 
mV/oC 
VplSegment 
or DP 


Thermal 
Resistance 
LED Junction· 
ROJ.Pin 
345 
°CIW/ 
to-Pin 
Se/t 


Notes: 
1. Device case temperature 
is 25°C prior to the intensity 
measurement. 
2. The digits are categorized 
for luminous 
intensity. 
The intensity 
category 
is designated 
by a letter on the side of the package. 


3. The dominant 
wavelength, 
Ad' is derived from the CIE chromaticity 
diagram 
and is that single wavelength 
which dermes the 
color of the device. 


4. Typical specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 
5. For low current 
operation, 
the AlGaAs HDSP·HIOX 
aeries displays are recommended. 
They are tested 
at I mA dc/segment 
and 
are pin for pin compatible 
with the HDSP·HI5X 
aeries. 


6. For low current 
operation, 
the HER HDSP·555X 
aeries displays are recommended. 
They are tested 
at 2 mA dc/segment 
and are 
pin for pin compatible 
with the HDSP·550X 
series. 


7. The Yellow (HDSP·5700) 
and Green (HDSP.5600) 
displays are categorized 
for dominant 
wavelength. 
The category 
is 
designated 
by a number 
adjacent 
to the luminous 
intensity 
category letter. 
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Figure 
2. Maximum 
Tolerable 
Peak 
Current 
va. Pulse 
Duration 
- AlGaAs 
Red. 
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Figure 
3. Maximum Allowable DC Current 
vs. 
Ambient 
Temperature. 
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Figure 
6. Relative 
Luminous 
Intensity 
VB. DC Forward 
Current. 
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Figure 
4. Forward 
Current 
vs. 
Forward 
Voltage. 
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Figure 
6. Relative 
Efficiency 
(Luminous 
Intensity 


per Unit Current) 
vs. Peak Current. 
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Figure 
11. Forward 
Current 
VB. Forward 
Voltage. 
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Temperature. 
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Electrical/Optical 
For more information 
on 
electrical/optical 
characteristics, 
please see Application Note 
1005. 


Contrast Enhancement 
For information 
on contrast 
enhancement 
please see 
Application Note 1015. 


Soldering/Cleaning 
Cleaning agents from the 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated 
hydrocarbon family 
(methylene 
chloride, trichloro- 


ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All ofthese 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


For information 
on soldering 
LEDs please refer to 
Application Note 1027. 


rh~ HEWLETT 
au~ PACKARD 


'20 mm (0.8 inch) 
Seven Segment Displays 


Features 
• Industry 
Standard 
Size 
• Industry 
Standard 
Pinout 
15.24 mm (0.6 in.) DIP Leads 
on 2.54 mm (0.1 in.) Centers 


• Choice 
of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 
• Excellent 
Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
Gray Package Gives 
Optimum Contrast 
±50° Viewing Angle 
• Design 
Flexibility 
Common Anode or Common 
Cathode 
Left and Right Hand Decimal 
Points 
±1. Overflow Character 
• Categorized 
for Luminous 
Intensity 
Yellow and Green 


Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
• High Light 
Output 
• High Peak 
CWTent 
• Excellent 
for Long Digit 
String 
Multiplexing 
Intensity 
and Color 
Selection 
Option 
See Intensity and Color 
Selected Displays Data Sheet 
• Sunlight 
Viewable 
AlGaAs 


Description 
The 20 mm (0.8 inch) LED 
seven segment displays are 
designed for viewing distances 
up to 10 metres (33 feet). These 
devices use an industry 
standard 
size package and 
pinout. All devices are available 
as either common anode or 
common cathode. 


HDSP·340X 
Series 
HDSP·390X 
Series 
HDSP-420X 
Series 
HDSP-860X 
Series 
HDSP-N15X 
Series 


These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current 
design. The low current displays 
are ideal for portable applica- 
tions. For additional 
information see the Low 
Current Seven Segment 
Displays data sheet. 


Red 
AlGaAsll) 
HER 
Yellow 
Green 
Package 


HDSp· 
HDSP· 
HDSP· 
HDSP· 
HDSP- 
Description 
Drawing 


3400 
N150 
3900 
4200 
8600 
Common Anode Left Hand Decimal 
A 


3401 
N151 
3901 
4201 
8601 
Common Anode Right Hand Decimal 
B 
3403 
N153 
3903 
4203 
8603 
Common Cathode Right Hand Decimal 
C 


3405 
N155 
3905 
4205 
8605 
Common Cathode Left Hand Decimal 
D 


3406 
N156 
3906 
4206 
8606 
Universal ±1.Overflow2] 
E 


Notes: 
1. These displays arc recommended for high ambient light operation. Please refer to the HDSP-NIOX A1GaAsdata sheet for low 


current operation. 
2. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram E. 


• 


LUMINOUS 
INTENSITY 
CATEGORY 


COLOR 
BIN(7l 


~ 
19.96MAX'--l 


I 
(0.786 MAX.) 
1R 


~0'25 


~ 
-.L10.330' 
0.0101 


6.1 MIN. 
~ 


10.~ 
10.0401 


0.38 (0.015) 


SIDE VIEW 


.••The Side View of package indicates 
Country of exigin. 


Function 


Pin 
A 
• 
C 
0 
E 


1 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
2 
CATHODE 
a 
CATHODE 
a 
ANODE a 
ANODE a 
CATHODE 
a 


3 
CATHODE 
I 
CATHODE 
f 
ANODE I 
ANODE I 
ANODE d 


• 
ANODE!]I 
ANODE I]) 
CATHODEI61 
CATHODEI61 
CATHODE 
d 


5 
CATHODE 
e 
CATHODE 
e 
ANODE e 
ANODE e 
CATHODE 
c 


• 
ANODE!]I 
ANODEPl 
CATHODEI6) 
CAn~ODEI6J 
CATHODE 
e 
7 
CATHODE 
dp 
NO 
CONNEC. 
NO CONNEC. 
ANODE dp 
ANODE e 
, 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
CATHODE 
dp 


9 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
10 
NO PIN 
CATHODE 
dp 
ANODE dp 
NO PIN 
ANODE dp 


11 
CATHODE d 
CATHODE 
d 
ANODE d 
ANODE d 
CATHODE 
dp 


12 
ANtmE(31 
ANODEPJ 
CATHODEI61 
CATHODE!61 
CATHODE 
b 


13 
CATHODE c 
CATHODE 
c 
ANODE c 
ANODE c 
ANODE b 


" 
CATHODE 
9 
CATHODE 
9 
ANODE 9 
ANODE 9 
ANODE c 


15 
CATHODE 
b 
CATHODE 
b 
ANODE b 
ANODE b 
ANODE a 
I. 
NO PIN 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


17 
ANODE!31 
ANODEI31 
CATHODEI6! 
CATHODEI6J 
CATHODE 
a 


" 


NO PIN 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


NOTES: 
1. DIMENSIONS 
IN MILLIMETERS 
AND (INCHES) 


2. ALL UNTOLERANCED 
DIMENSIONS 
ARE FOR REFERENCE ONLY 


3. REDUNDANT 
ANODES. 


4. UNUSED dp POSITION . 
S. SEE INTERNAL 
CIRCUIT DIAGRAM. 


6. REDUNDANT 
CATHODES 


7. FOR HDSP-4200/-8600 
SERIES PRODUCT ONLY. 


Red 
AlGaAsRed 
HER 
Yellow 
Green 
HDSP·3400 
HDSp·N150 
HDSp·3900 
HDSp·4200 
HDSP-8600 
Description 
Series 
Series 
Series 
Series 
Series 
Unit. 


Average Power per Segment 
115 
96 
105 
105 
105 
mW 
orDP 


Peak Forward 
Current 
per 
200(1) 
160(3) 
135(5) 
135(5) 
9()l7J 
rnA 
Segment or DP 


DC Forward 
Current 
per 
50(2) 
401') 
40(6) 
40(6) 
3()l6' 
rnA 
Segment or DP 


Operating 
Temperature 
-40 to +100 
·20 to +100 
-40 to +100 
-40 to +100 
·C 
Range 


Storage Temperature 
Range 
-55 to +100 
·C 


Reverse Voltage per 
3.0 
V 
Segment or DP 


Lead Solder Temperature 
for 3 Seconds (1.60 mm 
260 
·C 
[0.063 in.] below seating 
plane) 


Notes: 
1. See Figure 
1 to establish 
pulsed conditions. 


2. Derate 
above 45°C at 0.83 mA/"C. 


3. See Figure 
2 to establish 
pulsed conditions. 
4. Derate 
above 55°C at 0.8 mAl°C. 
5. See Figure 
7 to establish 
pulsed conditions. 


6. Derate 
above 50°C at 0.73 mA/"C. 


7. See Figure 
8 to establish 
pulsed conditions. 


8. Derate 
above 50°C at 0.54 mA/"C. 


Electrical/Optical 
Characteristics 
at TA = 25°C 


Red 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit. 
Test 
Conditions 


Luminous 
IntensitylSegment!'~) 
ly 
500 
1200 
J.1cd 
lp = 20 rnA 
(Digit Average) 


Forward VoltagelSegrnent 
or DP 
Vy 
1.6 
2.0 
V 
lp= 20 rnA 


HDSP- 
Peak Wavelength 
~ 
655 
nm 
340X 
Dominant 
Wavelengthl3] 
Ad 
640 
nm 


Reverse VoltagelSegrnent 
or Dpl.] 
Va 
3.0 
20 
V 
Ia = 100 J.1A 


Temperature 
Coefficient of 
t:.V/oC 
-2 
mV/·C 
VylSegrnent or DP 


Thermal 
Resistance 
LED Junction- 
R8J_YIN 
375 
·CIW 
to-Pin 


I 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


Luminous 
IntensitylSegment"·2.') 
Iv 
6.0 
14.0 
mcd 
IF=20mA 
(Digit Average) 


1.8 
V 
IF = 20 mA 
Forward VoltagelSegment 
or DP 
VF 
2.0 
3.0 
V 
IF = 100 mA 
HDSP. 
N15X 
Peak Wavelength 
!"EAK 
645 
nm 


Dominant 
Wavelength(3) 
A. 


d 
637 
nm 


Reverse VoltagelSegment 
or DP') 
VB 
3.0 
15 
V 
IB= 100 J.1A 


Temperature 
Coefficient of 
tNIOC 
·2 
mV/oC 
V~egment 
or DP 


Thermal 
Resistance 
LED Junction· 
R6J.F1N 
430 
°CIWI 
to-Pin 
Seg 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


3350 
7000 
~cd 
IF = 100 mA Peak: 
Luminous 
IntensitylSegment",2) 
Iv 
1 of5 df 
(Digit Average) 


4800 
~cd 
~=20mA 


Forward 
VoltagelSegment 
or DP 
VF 
2.6 
3.5 
V 
iF= 100mA 
HDSp· 
390X 
Peak Wavelength 
""AK 
635 
nm 


Dominant 
Wavelength13' 
A. 


d 
626 
nm 


Reverse VoltagelSegment 
or DP'I 
VB 
3.0 
25 
V 
IB= 100 J.1A 


Temperature 
Coefficient of 
t:.ViC 
-2 
mV/oC 
V~egment 
or DP 


Thermal 
Resistance 
LED Junction· 
R6J.p,N 
375 
°CIWI 
to-Pin 
Seg 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


2200 
7000 
~cd 
Ip = 100 mA Peak: 
Luminous 
Intensity/Segment/I,2) 
Iv 
1 of5 df 


(Digit Average) 


3400 
~cd 
Ip=20mA 


Forward Voltage/Segment 
or DP 
Vp 
2.6 
3.5 
V 
Ip = 100 mA 
HDSP- 
420X 
Peak Wavelength 
A"EAK 
583 
nm 


Dominant 
WavelengthI3 
••) 
Ad 
581.5 
586 
592.5 
nm 


Reverse Voltage/Segment 
or DPI.) 
Va 
3.0 
25.0 
V 
Ia = 100~ 


Temperature 
Coefficient of 
I1V/oC 
-2 
mV/oC 
V;Segment 
or DP 


Thermal 
Resistance 
LED Junction- 
RSJ_p,N 
375 
°CIW/ 


to-Pin 
Seg 


Device 
Series 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


680 
1500 
~cd 
Ip = 10 mA 
Luminous 
Intensity/Segmentll,2) 
Iv 
(Digit Average)' 
1960 
~cd 
t. = 50 mA Peak: 
1 of 5 df 


Forward Voltage/Segment 
or DP 
V,. 
2.1 
2.5 
V 
Ip = 10 mA 


HDSP- 
Peak Wavelength 
A"EAK 
566 
nm 
860X 


- 


Dominant 
WavelengthI3 
•• ) 
Ad 
571 
577 
nm 


Reverse Voltage/Segment 
or Dp(4) 
Va 
3.0 
50.0 
V 
Ia = 100~ 


Temperature 
Coefficient of 
I1V/oC 
-2 
mV/oC 
V;Segment 
or DP 


Thermal 
Resistance 
LED Junction- 
RSJ_PIN 
375 
°CIW/ 


to-Pin 
Seg 


Notes: 
1. Case temperature 
of the device immediately 
prior to the intensity 
measurement 
is 25°C. 


2. The digits are categorized 
for luminous intensity. 
The intensity 
category is designated 
by a letter on the side of the package. 


3. The dominant 
wavelength, 
).." is derived from the CIE chromaticity 
diagram and is that single wavelength 
which defines the 


color of the device. 
4. Typical specification 
for reference only. Do not exceed absolute maximum ratings. 
5. For low current 
operation, 
the AIGaAs Red HDSP-N100 
series displays are recommended. 
They are tested at 1 mA dc/segment 


and are pin for pin compatible with the HDSP-N150 series. 
6. The Yellow (HDSP-4200) and Green (HDSP-8600) displays are categorized 
for dominant 
wavelength. 
The category is 


designated 
by a number 
adjacent to the luminous intensity 
category letter. 
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Figure 
1. Maximum 
Allowable 
Peak Current 
vs. 
Pulse Duration 
- Red. 
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Figure 
2. Maximum Allowed Peak Current 
vs. 


Pulse Duration 
- AlGaAs Red. 


I 
I\. 
I 


,~ 
REO 


AIGaAsRED 
- 
'%. 


I 
I 
I 
~ 


I 
I 
I 
" 


R 9 J.A; 
525°CiW 


I 
I 
\. 


I 


200 


180 
a: 
w 
160 
0. 
.... 


140 
zw •• 
a: E 
120 
a~ 
Ow 
100 
a:,. 
"0 
80 
~~ 
~ 
60 
I 
40 
~ 


20 


REO_ 


,~ 
AIGaAs 
RED 


Figure 
3. Maximum 
Allowable DC Current 
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Figure 
6. Relative 
Efficiency 
<Luminous 


Intensity 
per Unit Current) 
vs. Peak Current. 
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Figure 
12. Relative 
Efficiency 
(Luminous 
Intensity 
per Unit Current) 
vs. Peak Current. 
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Contrast Enhancement 
For infonnation 
on contrast 
enhancement 
please see 
Application Note 1015. 


Soldering/Cleaning 
Cleaning agents from the 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated 
hydrocarbon family 
(methylene 
chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. 
All of 
these various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


For further information 
on 
soldering LEDs please refer to 
Application Note 1027. 


Fir;' HEWLETT 
~I''''' PACKARD 


-~ 
CMOS 5x7 Small 
Alphanumeric 
Displays 


Features 
• On-Board 
Low Power 
CMOSICs 
Integrated 
Shift Registers 
with Constant Current LED 
Drivers 
• Wide Operating 
Temperature 
Range 
-40°C to +85°C 
• Three 
Package 
Styles 
1 Row of 4 Characters 
1 Row of 8 Characters 
2 Rows of 8 Characters 
• Five LED Colors 
Standard Red 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
• 5x7 LED Matrix 
Displays Full ASCII 
Character Set 
• Character 
Height 


3.8 mm (0.15 inch) 


• Long Viewing 
Distance 
2.6 Metres (8.6 Feet) 
• Wide Viewing 
Angle 
X Axis = ±30° 
Y Axis = ±55° 


• Categorized 
for Luminous 
Intensity 


HCMS·270X Series 
HCMS-271X Series 
HCMS-272XSeries 


• Categorized 
for Color 


HCMS-2701/-2703 
HCMS-27111-2713 
HCMS-27211-2723 


Typical Applications 


• Telecommunications 
Equipment 


• Instrumentation 
• Medical 
Instruments 


• Business 
Machines 


Part 
Number 
Display 
Package 
Style 
LED Color 


HCMS-2700 
Standard Red 
-2701 
Yellow 
-2702 
1 Row of 4 Characters 
HER 


-2703 
Green 


-2704 
Orange 


HCMS-2710 
Standard Red 
-2711 
Yellow 
-2712 
1 Row of 8 Characters 
HER 


-2713 
Green 
-2714 
Orange 


HCMS-2720 
Standard Red 
-2721 
Yellow 
-2722 
2 Rows of 8 Characters 
HER 
-2723 
Green 
-2724 
Orange 


I·: 
. - 


Description 
The HCMS-270X series are four 
character 5x7 dot matrix 
alphanumeric 
displays in a dual 
in-line 12 pin plastic package. 
The on-board CMOS ICs form a 
28 bit shift register. 


The HCMS-271X series are eight 
character 5x7 dot matrix 
alphanumeric 
displays in a dual 
in-line plastic package with 26 
pin positions. The on-board 
CMOS ICs form a 56 bit shift 
register. 


-[]- 


2.54±O.13 


(O.100±O.OO5) 
TYP. NON ACCUM. 


NOTES: 
1. DIMENSIONS 
IN MILlIMETREStINCHE$. 
2. UNLESS OTHERWISE 
SPECIFIED 
THE TOLERANCE 
ON ALL DIMENSIONS 
IS O.38MM (O.Q1S"). 
3. CHARACTERS 
ARE CENTERED 
WITH RESPECT TO 
LEAD WITHIN O.13MM (0.005"). 


4. LEAD MATERIAL: 
SOLDER 
PLATED 
COPPER ALLOY. 


The HCMS-272X series are 
sixteen character 5x7 dot matrix 
alphanumeric 
displays. Each 
device is assembled by enclosing 
two HCMS-271X devices in a 
common lens assembly forming 
two rows of eight characters. The 
plastic package has two dual in- 
line rows of26 pin positions for a 
total of 52 pin positions. The two 
on-board CMOS IC 56 bit shift 
registers for each row are 
electrically separate from each 
other. 


-\ 


SEE NOTE 3 
-L 
r 
(~tMAX. 


0.25 
R-f~' 


II-- 762 -1 
r 
10.3001 


1.27 
(0.050) 


The on-board CMOS ICs form 
serial input shift registers with 
constant current output LED 
row drivers. Decoded column 
data is clocked into the shift 
registers for each refresh cycle. 
Full character display is 
accomplished with external 
column strobing at a refresh rate 
of 100 Hz or faster. 


All of these display devices may 
be end stacked in the X-direction 
to form a string of characters of 
desired length. 


PIN 
FUNCTION 
PIN 
FUNCTION 


1 
COLUMN 
1 
7 
DATA 
OUT 


2 
COLUMN 
2 
8 
V. 
3 
COLUMN 
3 
9 
Voo 
4 
COLUMN 
4 
10 
CLOCK 


S 
COLUMNS 
11 
GROUND 


6 
INT. CONNECT" 
12 
DATA 
IN 


---,- 


see NOTE 3 
----.1.- 


II 
0.51 
-, r- (0.020) 
DIA. 


NOTES: 
1. DIMENSIONS 
IN MILLIMETRESJlNCHES. 


2. 
UNLESS 
OTHERWISE 
SPECIFIED 
THE 
TOLERANCE 


ON 
ALL 
DIMENSIONS 
1$ O.38MM 
(O.Q1S"). 


3. 
CHARACTERS 
ARE 
CENTERED 
WITH 
RESPECT 
TO 


LEAD 
WITHIN 
O.13MM 
(0.005"). 


4. 
LEAD 
MATERIAL: 
SOLDER 
PLATED 
COPPER 
ALLOY. 


2.54 ± 0.13 


(0.100 ± 0.005) 
2.54 
TVP. NON ACCUM. 
(0.100) 


~--------(~~4~~) 
MAX.--------·-'r· 


seE 
NOTE 3 


l-~-tJ-[J+[J-~-~-[J 


I 
------1------ 
-B-Y-9tB-EJ-B-G 


u 


I ~ 
l2.54 
--l -I-- 
(0.100) 


2.54±O.13 
(0.100 ± 0.005) 


TYP. 
NON 
ACCUM. 
NOTES: 
1. DIMENSIONS 
ARE IN 
MILLIMETRESIINCHES. 


2. UNLESS OTHERWISE 
SPECIAED, 


TOLERANCE 
IS ± O.38MM 
(0.015"). 
3. CHARACTERS 
ARE POSITIONED 
WITH 
RESPECT 
TO LEADS WITHIN 
±O.13MM (0.005"). 
4. lEAD 
MATERIAL 
IS SOLDER 
PLATED COPPER 
ALLOY. 
HCMS-272X 


4-99 


1 


(~tMAX. 


PIN 
FUNCTION 
PIN 
FUNCTiON 


1 
NO PIN 
14 
DATA 
OUT 


2 
COLUMN 
2 
15 
VB(S-81 


3 
NOPIN 
16 
NO PIN 


4 
COLUMN 
4 
17 
CLOCK 


5 
NO PIN 
18 
GROUND 


6 
INT. CONNECT" 
19 
NO PIN 


7 
NO PIN 
20 
NOPIN 


8 
COLUMN 
1 
21 
INT. CONNECT" 


9 
NO PIN 
22 
VS(1-41 


10 
COLUMN 
3 
23 
Voo 


11 
NOPIN 
24 
NO PIN 


12 
COLUMN 
5 
25 
GROUND 


13 
INT. CONNECT' 
26 
DATA 
IN 


0.25 
R't 
II- 
7.62 ·_1 


~ 
(0.300) 


1.27 
(0.050) 
I·: 
, . 


SEE NOTE 3 
j 


ROWA 
ROW 
8 


PIN 
FUNCTION 
PIN 
FUNCTiON 


1. 
~vro~ 
lD 
~v r,~ 


2A 
COLUMN 
2 
28 
COLUMN 
2 


3A 
NOPIN 
38 
NOPIN 


4A 
COLUMN 
4 
48 
COLUMN 
4 


SA 
NO PIN 
58 
NO PIN 


6A 
INT. CONNECT" 
68 
INT. CONNECT' 


7A 
NO PIN 
78 
NOPIN 


8A 
COLUMN 
1 
88 
COLUMN 
1 


9A 
NO PIN 
98 
NO PIN 


10A 
COLUMN3 
108 
COLUMN 
3 


11A 
NO PIN 
118 
NOPIN 


12A 
COLUMNS 
128 
COLUMN 
5 


13A 
INT. CONNECT" 
138 
INT. CONNECT" 


14A 
DATA 
OUT 
148 
DATA 
OUT 


15A 
V8(13.16) 
158 
VS(5-a1 
16A 
·NOPIN 
168 
NOPIN 


17A 
CLOCK 
178 
CLOCK 


18A 
GROUND 
188 
GROUND 


19A 
NO PIN 
198 
NOPIN 


20A 
NO PIN 
208 
NOPIN 


21A 
INT. CONNECT" 
218 
INT. CONNECT' 


22A 
VB(~12) 
228 
VS(1-4) 


23A 
Voo 
238 
Voo 


24A 
NOPIN 
248 
NO PIN 


25A 
GROUND 
258 
GROUND 


26A 
DATA 
IN 
268 
DATA 
IN 


0.25 


t~ 


5.08 
(0.200)L 


1.27~ 


(0.050) 
PI~l"jt 
f:'N 
~'N 
13A 
14A 
138 
148 


2.03 


(0.080) 


7.62 
(0.300) 


Absolute Maximum Ratings 
Supply Voltage VDO to Ground 
-0.3 V to 7.0 V 
Data Input, 
Clock, Data Output, 
VB 
-0.3 V to Voo 
Column Input Voltage, VCOL 
, 
-0.3 V to Voo 


Free Air Operating 
Temperature, 
TA 
•••••••.•••••• 
-40°C to +85°C 
Storage Temperature, 
Ts' 
' 
-55°C to +100°C 
Maximum 
Allowable Package 
Power Dissipation, 
Po at 55°CU.2) 


HCMS-270X 
0.837 W 
HCMS-271X 
1.674 W 
HCMS-272X (per 8 character 
row) 
1.674 W 


(total per package 
3.348 W) 


Maximum 
Solder Temperature 
1.59 mm (0.063") Below Seating 
Plane, t<5sec 
260°C 
ESD Protection 
@ 1.5 kQ, 100 pF 
Vz= 4 kV (each pin) 


Notes: 
1. Maximum 
allowable 
pawcr dissipation 
is derived from V DO = 5.25 V and V. = 2.4 V, 
VCOL = 3.5y, 20 LEDs illuminatcd 
per character, 
20% an·time 
duty factor. 
. 


2. See Figure 
1 for power dcrating. 
Thermal 
resistance 
from device VDO pin(s) to 
ambient 
through 
thc PC board mounting 
asscmbly 
is assumed 
to be R8!'C.A,;;35"CIW 
per dcvice for the 
HSMS.270X, 
,;;17.5"CIW 
per device for the HCMS·271X, 
and 
,;;17.5"CIW 
pcr raw for the HCMS·272X. 


Description 
Symbol 
Minimum 
Nominal 
Maximum 
Unit 


Supply Voltage 
Voo 
4.75 
5.0 
5.25 
V 
Data Out Current, 
Low State 
IOL 
1.6 
mA 


Data Out Current, 
High State 
IOH 
-0.5 
mA 


Column Input Voltage 
VCOL 
2.75 
3.0 
3.5 
V 
Setup Time 
tSETUP 
10 
ns 


Hold Time 
SmLD 
25 
ns 


Clock Pulse Width High 
twHCCLOCK) 
50 
ns 
Clock Pulse Width Low 
~CCLOCK) 
50 
ns 
Clock High to Low Transition 
4r1L 
200 
ns 
Clock Frequency 
[CLOCK 
5 
MHz 


Parameter 
Symbol 
Test 
Conditions 
Min. 
Typ/1J 
Max. 
Unit 
Supply 
Current, 
Dynamic 
[2) 
Voo = 5.25 V 
HCMS-270X 
1000 
fCLOCK 
= 5 MHz 
6.2 
7.8 


HCMS-271X 
Vn = 0.4 V 
12.4 
15.6 
mA 


HCMS-272X (per row) 
15.6 
15.6 


Supply Current, 
Static 
[3J 


HCMS-270X 
Voo = 5.25 V 
1.8 
2.6 


HCMS-271X 
IOOSofT 
Vn = 0.4 V 
3.6 
5.2 


HCMS-272X (per row) 
3.6 
5.2 
mA 


HCMS-270X 
Voo = 5.25 V 
2.2 
3.3 


HCMS-271X 
IDDSon 
Vn=2.4V 
4.4 
6.6 


HCMS-272X (per row) 
4.4 
6.6 


Column Input Current 
Voo = 5.25 
HCMS-270X 
VCOL= 3.5 V 
335 
410 


HCMS-271X 
ICOL 
Vn=2.4V 
670 
820 
mA 
HCMS-272X (per row) 
670 
820 


Input Logic High: 
Data,Vn, 
Clock 
VIII 
Voo= 4.75 V 
2.0 
V 


Input Logic Low: 
Data,Vn, 
Clock 
V1L 
Voo= 5.25 V 
0.8 
V 


Input Current: 
Voo= 5.25 V 
Data 
0<V1<5.25 V 
-10 
+1 
Clock 
HCMS-270X 
-10 
J.JA 


HCMS-271X 
11 
Voo= 5.25 V 
-20 
+1 


HCMS-272X (per row) 
0<Vr<5.25 V 
-20 
Vn 
HCMS-270X 
-40 


HCMS-271X 
Voo= 5.25 V 
-80 
0 


HCMS-272X 
(per row) 
0<Vn<5.25 V 
-80 
; 


Voo = 4.75 V 


Vall 
1011= -0.5 mA 
2.4 
4.2 
Data Out Voltage 
lCOL= 0 mA 
. 
V 


Voo= 5.25 V 


VOL 
1011= 1.6 mA 
0.2 
0.4 


ICOL= 0 mA 


1·'- 


. - 


Parameter 
Symbol 
Test 
Conditions 
Minimum 
Typicalll] 
Maximum 
Unit 


VDD=5.QV 
Power Dissipation 
[4j 
VCOL ='3.5 V 
Per Package 
17.5%DF 
HCMS-270X 
PD 
VB= 2.4 V 
451 
mW 


HCMS-271X 
15 LEDs ON 
902 


HCMS-272X (per row) 
Per Character 
902 


Thermal Resistance [5) 


IC Junction-to-Pin(V 
DD) 


HCMS-270X 
R8J.PIN 
50 
°CfW 


HCMS-271X 
25 


HCMS-272X (per row) 
25 


Notes: 
1. All typical 
values 
at Vo~ = 5.0 volts, T. = 25°C. 


2.100 Dynamic 
is the IC current 
while clocking column data through 
the on-board 
shift. register 
at a clock frequency 
of 5 MHz. 


3.100 Static is the IC current 
aft.er column data is loaded and not being clocked through 
the on-board 
shift. register. 


4. Four, eight, or sixteen 
characters 
are illuminated 
with a typical ASCII character 
composed of 15 dots per character. 


5. The IC junction 
temperature 
T/IC), 
is: . 


T/IC) 
= (PoXR8J.PIN+R8pc .• ) + T. 


Where: Po is the total power into the display 
for HCMS-270X 
and HCMS-271X, 


and the total power into one row of an HCMS-272X 
display. 


Po = P(Ioos..J + P(ICOL) 


P(IOO8 •• ) = 1008., *V DD 


P(IcoL) = 5*IcOL*VCOL*n135*DF 


n = Quantity 
of LED dots illuminated 
per character. 


DF = LED on-time 
duty factor. 


The IC junction 
temperature 
rise above the temperature 
of the VDDpin(s), I'.TPC), 
is: 


I'.T/IC) 
= (PDXR8J.PIN) 


The IC junction 
temperatuire, 
T/IC), 
should not exceed +125'C. 


Optical 
Characteristics 
at TA = 25°C 


Standard 
Red HCMS-2700/-2710/-2720 


Description 
Test Conditions 
Symbol 
Mill. 
Typ. 
Unit 
Peak Luminous Intensity 
per LED 
VDD= 5.0 V, VCOL = 3.5 V 
(Digit average)!l.5J 
VB= 2.4 V, Ti= 25°C [3J 
Iv 
105 
200 
Ilcd 
Dominant Wavelength(4) 
Ad 
640 
nm 


Peak Wavelength 
, 
ApEAK 
655 
nm 


Description 
Test Conditions 
Symbol 
MiD. 
Typ. 
Unit 


Peak Luminous 
Intensity 
per LED 
Von= 5.0 V, VeOL= 3.5" 


(Digit average)[l,5J 
Vn= 2.4 V, T,= 25°C [3J 
Iv 
400 
750 
llcd 


Dominant 
Wavelength[2,.] 
Ad 
585 
nm 


Peak Wavelength 
A"EAK 
583 
nm 


Description 
Test Conditions 
Symbol 
MiD. 
Typ. 
Unit 
Peak Luminous 
Intensity 
per LED 
Vnn= 5.0 V, VeoL= 3.5 V 


(Digit average)[1,5J 
VB= 2.4 V, T, = 25°C [3J 
Iv 
400 
1430 
llcd 
Dominant 
Wavelength['J 
Ad 
626 
nm 
Peak Wavelength 
A"EAK 
635 
nm 


Description 
Test Conditions 
Symbol 
MiD. 
Typ. 
Unit 
Peak Luminous 
Intensity 
per LED 
Vnn= 5.0 V, VeOL= 3.5 V 


(Digit average)[l,5) 
VB= 2.4 V, T,= 25°C [3) 
Iv 
400 
1550 
llcd 


Dominant 
Wavelength[2,.] 
Ad 
574 
nm 


Peak Wavelength 
7 .• 
A"EAK 
568 
nm 


Description 
Test Conditions 
Symbol 
MiD. 
Typ. 
Unit 


Peak Luminous 
Intensity 
per LED 
Vno= 5.0 V, VeOL= 3.5 V 
(Digit average)U,5] 
Vn= 2.4 V, Tj = 25°C [3] 
Iv 
400 
1400 
llcd 


Dominant 
Wavelength[') 
Ad 
602 
nm 
Peak Wavelength 
A"EAK 
600 
nm 


Notes: 
1. These displays 
arc categorized 
for luminous 
intensity 
with the intensity 
category designated 
by a letter code located on the side 
of the display package. 


2. Yellow and high performance 
green devices are categorized 
for color with the color category designated 
by a number code on the 
side of the display package. 
3. Ti refers to the initial 
device temperature 
immediately 
prior to the light measurement. 


4. Dominant 
wavelength, 
Ad' is derived from the CIE chromaticity 
diagram 
and is that single wavelength 
which defines the LED 
color. 
5. The luminous 
sterance 
of the individual 
LED pixels may be calculated 
using the 
following equations: 
L.(cd/m'J = I.(CandelaJ*DF/ACMeter'J 


L/FootlambertsJ 
= TCI.CCandela)*DF/ACFoot') 
Where: 
A = LED pixel area = 3.32xlO·' m' or 3.57xlO· 7 ft' 
DF = LED on-time duty factor. 
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Figure 
2. Relative 
Luminous 


Intensity 
vs. Display 
Pin Tempera- 
ture. 


Parameter 
Condition 
Typ. 
Max. 
Units 


fCLOCK CLOCK Rate 
5 
MHz 


tput• 
tpllL 
CL - 15 pF 
105 
ns 


Propagation Delay 
RL = 2.4 kQ 
CLOCK to DATA 
OUT 


~FF-ri0.4 V) to 
isplay OFF 
4 
5 


~N 
l!s 
• (2.4 V) to 
Display ON 
1 
2 


Figure 
1. Maximum 
Allowable 
Power 
Dissipation 
vs. Ambient 
Temperature 


as a Function 
of Thermal Resistance 
Ie 
Junction-to-Ambient, 
R9"..A." 


Operation 
at 85"C Assumes 
a Thermal 
Resistance 
for the Printed 
Circuit 
Board 
ofR6pc.A 
= 35"CIW 
per Device for the HCMS·270X, 17.5°CIW Per 


Device for the HCMS-271X, 
and 17.5°CIW per Row for the HCMS-272X. 
T)IC)MAX 
=125 "C. 
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Figure 
3. Peak Column 
Current 
vs. 


Column 
Voltage. 


Figure 
4. Relative 
Column 
Current, 


ICOL' VS. Ambient Temperature. 


Electrical Description 
Each display device contains 
four or eight 5x7 LED dot 
matrix characters and two or 
four CMOS integrated 
circuits, 


as shown in Figure 5. The 
CMOS integrated 
circuits form 
an on-board 28 bit or 56 bit 
serial-in-parallel-out 
shift 
register that will accept 
standard TTL logic levels. The 
Data Input pin is connected to 
bit position 1 and the Data 
Output pin is connected to bit 
position 28 (56). The shift 
register outputs control 
constant current sinking LED 
row drivers. 
The nominal cur- 
rent sink per LED driver is 11 
mA. A logic 1 stored in the shift 
register enables the correspond- 
ing LED row driver and a logic 


o stored in the shift register 
disables the corresponding LED 
row driver. 


The electrical configuration of 
these CMOS IC alphanumeric 
displays allows for an effective 
interface to a display controller 
circuit that supplies decoded 
character information. 
The row 
data for a given column (one 7 
bit byte per character) is loaded 
(bit serial) into the on-board 28 
(56) bit shift register with high 
to low transitions 
of the Clock 
input. 
To load decoded charac- 


ter information into the display, 
column data for character 4 (8) 
is baded first and the column 
data for character 1 is loaded 
last in the following manner. 
The 7 data bits for column 1, 


COLUMN 
DRIVE 
INPUTS 


COLUMN 
1 
2 
3 
4 
5 


character 4 (8), are loaded into 
the on-board shift register. 
Next, the 7 data bits for column 
1, character 3 (7), are loaded 
into the shift register, shifting 
the character 4 (8) data bits 
over one character position. 
This process is repeated for the 
other 2 (6) characters until all 
28 (56) bits of column data (four 
or eight 7 bit bytes of character 
column data) are loaded into the 
on-board shift register. 
Then 
the column 1 input, VeoL'pin 1, 
is energized to illuminate 
column 1 in all 4 (8) characters. 
This process is repeated for 
columns 2, 3, 4, and 5. All of 
the VeoLinputs should be at logic 
low to insure the display is off 
when loading data. 
The display 


will be blanked when the 
blanking input VBis at logic low 


LED 


MATRIX 


4 
(5) 


SERIAL 


DATA 
INPUT 


SERIAL 


DATA 


OUTPUT 


I 


regardless 
of the outputs ofthe 
shift registers or whether one of 
the VCOL inputs is energized. 


Refer to Application Note 1016 
Using the HDSP-2000 
Alphanumeric 
Display Family 


for drive circuit information. 


ESD Susceptibility 
The HCMS-27XX series 
displays have an ESD 
susceptibility 
ratings of CLASS 


3 per DOD-STD-1686 and 
CLASS B per MIL-STD-883C. It 
is recommended that normal 
CMOS handling precautions be 
observed·with these devices. 


Soldering and Post 
Solder Cleaning 
These displays may be wave 
soldered using either an RMA 
rosin based flux and terpene 
solvent semi-aqueous cleaning 


or with an OA flux and aqueous 
cleaning. For optimum 
soldering, the solder wave 
temperature 
should be 245°C 


and the dwell time should be 
1 1/2 to 2 seconds for any lead 
passing through the wave. For 
terpene semi-aqueous cleaning, 
the terpene solvent should be 
used in concentrate form. The 
water rinse should be 49°C 
(120°F). For aqueous cleaning, a 
water temperature 
of 60°C 
(l40°F) with an immersion time 
not exceeding 15 minutes is 
recommended. For solvent 
cleaning, Genesolv DES is 
recommended. For more 
detailed information, refer to 
Application Note 1027Soldering 
LED Components 
and AN 1027 


Supplement Post Solder 
Cleaning LEDs 
with BIOACT 


EC-7R Terpene Based Defuxer. 


Contrast Enhancement 
When used with the proper 
contrast enhancement 
filters, 


the HCMS-27XX series displays 
are readable in bright ambients. 
For information on contrast 
enhancement, 
refer to 
Application Note 1015 Contrast 
Enhancement 
Techniques 
for 
LED Displays 
and Application 
Note 1029 Luminous 
Contrast 
and Sunlight 
Readability 
of the 


HDSP-238X 
Series 


Alphanumeric 
Displays for 
Military 
Applications. 


High Performance 
CMOS 5X7 
Alphanumeric 
Displays 


Features 
• Easy to Use 
• Interfaces 
Directly 
with 
Microprocessor 
• 0.15" Character 
Height 
in 4, 
8, and 16 (2x8) Character 
Packages 
• 0.20" Character 
Height 
in 4 
and 8 Character 
Packages 
• Rugged 
X· and Y-Stackable 
Package 
• Serial 
Input 
• Convenient 
Brightness 
Controls 
• Wave Solderable 
• Offered 
in Five Colors 
• Low Power 
CMOS 
Technology 
• TTL Compatible 


Description 
The HCMS-29XX series are high 
performance, easy to use dot 
matrix displays driven by on- 
board CMOS ICs. Each display 
can be directly interfaced with a 
microprocessor, thus eliminating 
the need for cumbersome 
interface components. The serial 
IC interface allows higher char- 
acter count information displays 
with a minimum of data lines. A 
variety of colors, font heights, 
and character counts gives 
designers a wide range of product 
choices for their specific appli- 
cations and the easy to read 5 x 7 
pixel format allows the display of 
uppercase, lower case, Katakana, 
and custom user-defined 
characters. These displays are 
stackable in the x- and y- 
directions, making them ideal for 
high character count'displays. 


Applications 
• Telecommunications 
Equipment 
• Portable 
Data Entry 
Devices 
• Computer 
Peripherals 
• Medical 
Equipment 
• Test Equipment 
• Business 
Machines 
• Avionics 
• Industrial 
Controls 


AlGaAs 
HER 
Orange 
Yellow 
Green 
Package 
Description 
HCMS- 
HCMS- 
HCMS- 
HCMS· 
HCMS· 
Drawing 


1 x 4 0.15" Character 
2905 
2902 
2904 
2901 
2903 
A 


1 x 8 0.15" Character 
2915 
2912 
2914 
2911 
2913 
B 


2 x 8 0.15" Character 
2925 
2922 
2924 
2921 
2923 
C 


1 x 4 0.20" Character 
2965 
2962 
2964 
2961 
2963 
D 


1 x 8 0.20" Character 
2975 
2972 
2974 
2971 
2973 
E 


ESD WARNING: STANDARD 
CMOS HANDLING 
PRECAUTIONS 
SHOULD BE OBSERVED 
TO AVOID STATIC 
DISCHARGE. 


r 
·'(,11· · 


"-' 


0:51 ±O.13 Tvp-JL 
(0.020:t 
0.005) 
. 


PIN' 
FUNCTION 


1 
CATAQUT 
2 
ase 


3 
V LED 
• 
DATA 
IN 


5 
AS 
• 
eLK 
7 
CE 
• 
BLANK 
• 
GND 
10 
SEL 
11 
V LOGIC 


12 
RESET 


0.25 
(0.010) 


'3~Tl-.i 
(0.170)r-- 


I 
I 


I 
I 
I 
---..l 
1.27SYM. 
I 
I 


(0.050) 


7.62 


...., 
(0.300) 
r4- 


NOTES: 
1. DIMENSIONS 
ARE IN mm (INCHES). 
2. UNLESS OTHERWISE 
SPECIFIED, 
TOLERANCE 
ON DIMENSIONS 
IS ± 0.39 mm (0.015 INCH). 
3. LEAD MATERIAL: 
SOLDER 
PLATED 
COPPER 
AllOY. 


F 


35.56 
(1.400) MAX. 


2.22 (0.087) SYM'1 r- 


I 
~ 
4.45 
TYP 
I 
1(0.175) 
. 


++ 
++ t 


(;:~~6)TYP. 
5 ---8--B . 10.16 (0.400) MAX. 


+ 
~ 


/ 
2.11 (0.083) TVP. 


PIN,110ENTIAER 
DATE CODE (YEAR, WEEK) 


INTENSITY 
CATEGORY 


0.25 
(0.010) 


R~ 


4.32 
J 
, 
,~TVP. 


I 
I 


1.27 SYM 
'-- 
I 


(0.050)' 
l--J 
7.62 


(0.300) 
(O~;~;g:~5)TYP. 


(NON ACCUM.) 


NOTES: 
,. DIMENSIONS 
ARE IN mm (INCHES). 
2. UNLESS OTHERWISE 
SPECIAED. 
TOLERANCE 
ON DIMENSIONS 
IS ± 0.38 mm (0.015 INCH). 
3. LEAD MATERIAL: 
SOLDER 
PLATED 
COPPER ALLOY. 


PIN. 
FUNCTION 


1 
NO PIN 


2 
NO PIN 


3 
V LED 
• 
NOPIN 
5 
NO PIN 


6 
NO PIN 


7 
GND LEO 
8 
NO PIN 
• 
NO PIN 
10 
V LED 
11 
NO PIN 
12 
NO PIN 
13 
NO PIN 
" 
DATA IN 
15 
AS 
,. 
NO PIN 


17 
CLOCK 
,. 
CE 
,. 
BLANK 
20 
OND LOGIC 
21 
SEL 
22 
V LOGIC 
23 
NO PIN 
2. 
RESET 


25 
ase 
26 
DATA OUT 


3556(1400) 
MAX=l 


2.22 (0.088) SYM. --t r- 


I 
I 
I-- 


I 


ROW 8 
-r- 


9.65 (0.380) 
L_ 


...,...~JL 


(0.020 t 0.005) 
• 


2.54 t 0.13 
TYP. 


(0.100 ± 0.005) 
(NON ACCUM.) 
NOTES; 
1. DIMENSIONS 
ARE IN mm (INCHES). 


2. UNLESS OniERWISE 
SPECIFIED, 
TOLERANCE 
ON DIMENSIONS 
IS ± 0.38 mm (0.015 INCH). 


3. LEAD MATERIAL: 
SOLDER 
PLATED COPPER ALLOY. 


0.5UO.1> JL 


(0.020 ± 0.005) TYP. 


I 


I I 
I 
I 


I I 
I 
I 
-J L 
2.54:t0.13 
TYP. 


(0.100 ± O.OOS) 
NOTES: 
1. DIMENSIONS 
ARE IN mm (INCHES). 


2. UNLESS 
OTHERWiSE 
SPECIFIED, 
THE TOLERANCE 
ON DIMENSIONS 
IS t 0.38 mm (0.015 INCH). 


3. LEAD MATERIAL: 
SOLDER 
PLATED 
COPPER 
ALLOY. 


r 


19.81 (0.780) MAX. 


PIN' 
FUNCTION 
PIN' 
FUNCTION 


lA 
NO PIN 
18 
NO PIN 
2A 
NOPIN 
28 
NO PIN 
3A 
V LED 
38 
V LED 


4A 
NOPIN 
4. 
NO PIN 


SA 
NOPIN 
58 
NO PIN 


6A 
NO PIN 
68 
NO PIN 
7A 
GNO lED 
7. 
GND LEO 


8A 
NOPIN 
8. 
NOPIN 
9A 
NOPIN 
9. 
NO PIN 
IDA 
V lED 
10. 
V lED 


l1A 
NOPIN 
11. 
NO PIN 
12A 
NO PIN 
12. 
NO PIN 
13A INO PIN 
13. 
NO PIN 
l'A 
DATA IN 
14. 
DATA IN 
15A 
Rs 
'5. 
RS 
16A 
NO PIN 
16. 
NO PIN 


17A 
CLOCK 
17. 
CLOCK 


18A 
CE 
18. 
CE 


lOA 
BLANK 
19. 
BLANK 
20A 
GNDLOGIC 
20. 
GNDLOGIC 
21A 
SEl 
21. 
SEl 


22A 
V LOGIC 
22. 
V LOGIC 
23A 
NO PIN 
23. 
NOPIN 


24A 
RESET 
24. 
RESET 


25A 
ose 
25. 
ose 
26A 
DATA OUT 
26. 
DATA OUT I·: 
. - 


PIN' 
FUNCTION 


1 
DATA OUT 


2 
osc 
3 
V LED 
4 
DATA IN 


5 
AS 
6 
elK 
7 
CE 
8 
BLANK 
9 
GND 


'0 
SEl 
11 
V lOGIC 


12 
RESET 


0.25 
(0.010) 
tR~ 


3.71 
Jj 
(O.l46)TYP. 


(0.020) 
I 
I 
t 


I 
I 


0072 
I 
I 


(i.83)SYM. 
1-- I 


----. (:36~) 


2.67 (0.105) gYM'1 r- 


I 
i!S.36(O.211)TYP. 


+,.+ +" 
+~ r~ +;' 
+ + I 
8- 0-~~ 
--[j---B 
11.43(0.450) 
MAX. 


3 
+ 
~ 


/ 
2.54(~.'OO)TYP. 


PIN" 
IDENTIFIER 


I 
I I 


J'L" 
0.5" 
0.13 
TVP 
i i 


(0.020 ± 0.005)' 
J 
I 
-lL 
2.54 ± 0.13 
TYP. 
(0.100 ± 0.(05) 
(NON ACCUM.) 


0.25 
(0.010) 
R~ 
J 


3.71 


I 
(0.146) TVP. 


o 
0 
t 


I 
I 


190 
J 
I 


(O.075)SYM. r 
I 


------. 
7.62 


(0.300) 


PIN' 
FUNCTION 


1 
NO PIN 
2 
NO PIN 


3 
V LED 
• 
NO PIN 


5 
NO PIN 
• 
NO PIN 
7 
GND LED 


8 
NO PIN 
• 
NO PIN 
10 
V LEO 
11 
NO PIN 


12 
NO PIN 


13 
NO PIN 
,. 
DATA IN 
,. 
RS 


" 


NO PIN 
17 
CLOCK 


18 
CE 
,. 
BLANK 


20 
GNO LOGIC 


21 
SEl 


22 
V lOGIC 


23 
NO PIN 
2. 
RESET 
2. 
OSC 


2. 
DATA OUT 


NOTES: 
1. DtMENSIONS 
ARE IN mm (INCHES). 
2. UNLESS OTHERWiSE 
SPECIFIED, 
TOLERANCE 
ON DIMENSIONS 
IS ± 0.38 mm (0.015 INCH). 


3. LEAD MATERIAL: 
SOLDER 
PLATED COPPER 
ALLOY. 


Absolute Maximum Ratings 
Logic Supply Voltage, VLOG1C to GNDLOGIC[l] 
••..••..•..••••• 
-0.3 V to 7.0 V 
LED Supply Voltage, VLED to GNDLED 
••••••••••.••..••.••..••.• 
-0.3 V to 5.5 V 
Input Voltage, Any Pin to GND 
-0.3 V to VLOG1C 
+0.3 V 
Free Air Operating 
Temperature 
Range TA[2] 
-40°C to +85° 


Relative 
Humidity 
(non-condensing) 
85% 


Storage Temperature, 
Ts 
-55°C to 100°C 
Maximum 
Solder Temperature 
1.59 mm (0.063 in.) Below Seating 
Plane, t< 5 sec 
260°C 
ESD Protection 
@ 1.5 kil, 100 pF (each pin) 
2 KV 
TOTAL Package 
Power Dissipation 
at TA = 25°C[2] 
4 character 
1.2 W 
8 character 
2.4 W 
16 character 
4.8 W 


Notes: 
1. Transient 
only. 
2. For operation 
in high ambient 
temperatures, 
see Appendix 
A, Thermal 


Considerations. 


Recommended Operating Conditions Over Temperature 
Range 
(-40°C to +85°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 


Logic Supply Voltage 
VLOG1C 
3.0 
5.0 
5.5 
V 


LED Supply Voltage 
VLED 
4.0 
5.0 
5.5 
V 


GNDLED 
to GNDLOG1C 
- 
-0.3 
0 
+0.3 
V 


TA-25°C 
-40°C < TA < 85°C 


VLOG1C- 5.0 V 
3.0 V < VLOG1C< 5.5 V 
Parameter 
Symbol 
Typ. 
Max. 
Min. 
Max. 
Units 
Test 
Conditions 


Input 
Leakage 
Current 
II 
lIA 
VIN= 0 V to VLOGIC 


HCMS·290X/296X 
(4 char) 
+7.5 
-2.5 
+50 
HCMS·291X/297X 
(8 char) 
+15 
-5.0 
+100 
HCMS-292X 
(16 char) 
+15 
-5.0 
+100 


ILOG1COPERATING 
ILOG1c(OPr) 
mA 
'IN = 'I.ooIC 
HCMS-290X/296X 
(4 char) 
0.4 
2.5 
5 
HCMS·291X/297X 
(8 char) 
0.8 
5 
10 
HCMS-292X 
(16 char) 
0.8 
5 
10 


ILOG1CSLEEPlIJ 
ILOG1c(SLP) 
lIA 
VIN= 'I.ooIC 


HCMS-290X/296X 
(4 char) 
5 
15 
25 
HCMS·291X/297X 
(8 char) 
10 
30 
50 
HCMS-292X 
(16 char) 
10 
30 
50 


ILEDBLANK 
ILED(BL) 
mA 
BL=OV 
HMCS-290X/296X 
(4 char) 
0.4 
1.8 
2.5 
HCMS-291X/297X 
(8 char) 
0.8 
3.5 
5 
HCMS-292X 
(16 char) 
0.8 
3.5 
5 


ILEDSLEEPlIJ 
ILED(SLP) 
lIA 
HCMS-290X/296X 
(4 char) 
1 
3 
50 
HCMS 
29lX!297X 
(8 char) 
2 
6 
100 
HCMS-292X 
(16 char) 
2 
6 
100 


Peak 
Pixel 
Currentl2) 
IplXEL 
VLED= 5.5V 
HCMS-29X5 
(AlGaAs) 
15.4 
17.1 
18.7 
mA 
All pixels 
ON, 


HCMS-29XX 
(Other 
Colors) 
14.0 
15.9 
17.1 
mA 
Average 
value 
per 
pixel 


mGH 
level input 
voltage 
~h 
2.0 
V 
4.5 V < VLOG1C< 5.5 V 


0.8VLOG1C 
V 
3.0 V < VLOG1C< 4.5 V 


LOW level input 
voltage 
Vii 
1.1 
V 
4.5 V < VLOG1C< 5.5 V 


0.2VLOG1C 
V 
3.0 V < VLOG1C< 4.5 V 


mGH 
level output 
voltage 
Xb 
2.4 
V 
VLOGIC= 4.5 V, 
lob = -40 lIA 


0.8VLOG1C 
V 
3.0 V < VLOG1C< 4.5 V 


LOW level output 
voltage 
X, 
0.4 
V 
VLOG1C= 5.5 V, 
101= 1.6 mAl') 


0.2VLOG1C 
V 
3.0 V < VLOG1C< 4.5 V 


Thermal 
Resistance 
ReJ_p 
70 
0C!W 
IC junction 
to pin 


Notes: 
1. In SLEEP 
mode, the internal 
oscillator 
and reference 
current 
for LED drivers 
are ofT. 


2. Average 
peak pixel current 
is measured 
at the maximum 
drive current 
set by Control 
Register 
O. Individual 
pixels 
may exceed 
this value. 
3. For the Oscillator 
Output, 
Ie, = 40 lIA. 


• 


. 
:.. 


Optical Characteristics 
at 25°C[l] 
VLED = 5.0 V, 50% Peak Current, 
100% Pulse Width 


Luminous 
Intensity 
Peak 
Dominant 
perLEDI21 
Wavelength 
Wavelength 
Character 
Average 
(Ilcd) 
Apeak 
(nm) 
AdlS1 (nm) 
Display 
Color 
Part 
Number 
Min. 
Typ. 
Typ. 
Typ. 


A1GaAsRed 
HCMS-29X5 
95 
230 
645 
637 


High Efficiency Red 
HCMS-29X2 
29 
64 
635 
626 


Orange 
HCMS-29X4 
29 
64 
600 
602 


Yellow 
HCMS-29X1 
29 
64 
583 
585 


Green 
HCMS-29X3 
-57 
114 
568 
574 


Notea: 
1. Refers to the initial 
case temperature 
of the device immediately 
prior to measurement. 


2. Measured 
with all LEDs illuminated. 
3. Dominant 
wavelength, 
Ad, is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which defines 


the perceived 
LED color. 


OSCILLATOR SELECT 
(SEL) 


GNDLED 
GNDLOG1C 
VLED 
VLOG1C 


Description 


Sets Control Register bits to logic low. The Dot Register contents are 
unaffected by the Reset pin. (logic low = reset; logic high = normal 
operation). 


Serial Data input for Dot or Control Register data. Data is entered on the 
rising edge ofthe Clock input. 


Serial Data output for Dot or Control Register data. "This pin is used for 
cascading multiple displays. 


Clock input for writing Dot or Control Register data. When Chip Enable is 
logic low, data is entered on the rising Clock edge. 


Selects Dot Register (RS = logic low) or Control Register (RS = logic high) 
as the destination 
for serial data entry. The logic level of RS is latched on 
the falling edge ofthe Chip Enable input. 


This input must be a logic low to write data to the display. When CE 
returns 
to logic high and CLK is logic low, data is latched to either the LED 
output drivers or a Control Register. 


Selects either an internal or external display oscillator source. 
(logic low = External Display Oscillator; logic high = Internal 
Display 
Oscillator). 


Output for the Internal Display Oscillator (SEL = logic high) or input for an 
External Display Oscillator (SEL = logic low). 


Blanks the display when logic high. May be modulated for brightness 
control. 


Ground for LED drivers. 


Ground for logic. 


Positive supply for LED drivers. 


Positive supply for logic. 


4-112 


Timing 
Diagram 
Ref. 
4.5 V < VLOGIC <5.5 V 
VLOGIC=3V 
Number 
Description 
Symbol 
Min. 
Max. 
Min. 
Max. 
Units 


1 
Register 
Select Setup Time to 
t. •• 
10 
10 
ns 
Chip Enable 


2 
Register 
Select Hold Time to 
t..h 
10 
10 
ns 
Chip Enable 


3 
Rising 
Clock Edge to Falling 
tclkce 
20 
20 
ns 
Chip Enable 
Edge 


4 
Chip Enable 
Setup 
Time to 
tees 
35 
55 
ns 
Rising Clock Edge 


5 
Chip Enable 
Hold Time to 
tceh 
20 
20 
ns 
Rising Clock Edge 


6 
Data Setup Time to Rising 
td• 
10 
10 
ns 
Clock Edge 


7 
Data Hold Time after Rising 
tdh 
10 
10 
ns 
Clock Edge 


8 
Rising Clock Edge to DOlrr[l) 
tdout 
10 
40 
10 
65 
ns 


9 
Propagation 
Delay DIN to DoUT 
tdoutp 
18 
30 
ns 
Simultaneous 
Mode for 
one IC[I,2] 


10 
CE Falling 
Edge to DoUT Valid 
tc:edo 
25 
45 
ns 


11 
Clock High Time 
tclkh 
80 
100 
ns 


12 
Clock Low Time 
tclkl 
80 
100 
ns 


Reset Low Time 
t..u 
50 
50 
ns 


Clock Frequency 
Fey. 
5 
4 
MHz 


Internal 
Display 
Oscillator 
Finosc 
80 
210 
80 
210 
KHz 
Frequency 


Internal 
Refresh 
Frequency 
Frf 
150 
410 
150 
400 
Hz 


External 
Display 
Oscillator 
Fexo,c 
Frequency 
Prescaler 
= 1 
51.2 
1000 
51.2 
1000 
KHz 
Prescaler 
= 8 
410 
8000 
410 
8000 
KHz 


Notes: 
1. Timing 
specifications 
increase 
0.3 ns per pf of capacitive 
loading 
above 
15 pf. 


2. This parameter 
is valid 
for simultaneous 
Mode data 
entry 
of the Control 
Register. 


1·'- 
.. 


Display Overview 
The HCMS-29XX series is a 
family of LED displays 
driven 
by on-board CMOS ICs. The 
LEDs are configured 
as 5 x 7 
font characters 
and are driven 
in groups of 4 characters 
per IC. 


Each IC consists of a 160-bit 
shift register 
(the Dot Register), 
two 7-bit Control Words, and 
refresh 
circuitry. 
The Dot Regis- 
ter contents 
are mapped 
on a 
one-to-one basis to the display. 
Thus, an individual 
Dot Register 
bit uniquely 
controls a single 
LED. 


8-character 
displays 
have two 
ICs that are cascaded. The Data 
Out line ofthe first IC is 
internally 
connected 
to the Data 
In line ofthe 
second Ie forming 
a 320-bit Dot Register. 
The dis- 
play's other control and power 
lines are connected 
directly to 
both ICs. In 16-character 
displays, 
each row functions 
as 


an independent 
8-character 
display with its own 320-bit Dot 
Register. 


Reset 
Reset initializes 
the Control 
Registers 
(sets all Control 
Register 
bits to logic low) and 
places the display in the sleep 
mode. The Reset pin should be 
connected 
to the system 
power-on reset circuit. The Dot 
Registers 
are not cleared upon 
power-on or by Reset. After 
power-on, the Dot Register 
contents 
are random; however, 
Reset will p~t the display in 
sleep mode, thereby 
blanking 
the LEDs. The Control Register 
and the Control Words are 
cleared to all zeros by Reset. 


To operate 
the display after 
being Reset, load the Dot 
Register 
with logic lows. Then 
load Control Word 0 with the 
desired brightness 
level and set 
the sleep mode bit to logic high. 


Dot Register 
The Dot Register 
holds the 
pattern 
to be displayed 
by the 


LEDs. Data is loaded into the 
Dot Register 
according to the 
procedure 
shown in Table 1 and 
the Write Cycle Timing 
Diagram. 


First RS is brought 
low, then 
CE is brought 
low. Next, each 
successive rising CLK edge will 
shift in the data at the DINpin. 
Loading a logic high will turn 
the corresponding 
LED on; a 
logic low turns 
the LED off. 


When all 160 bits have been 
loaded (or 320 bits in an 8-digit 
display), CE is brought 
to logic 
high. 


When CLK is next brought 
to 
logic low, new data is latched 
into the display dot drivers. 
Loading data into the Dot 
Register 
takes place while the 
previous 
data is displayed 
and 
eliminates 
the need to blank the 


display while loading data. 


Pixel Map 
In a 4-character 
display, the 


160-bits are aITang~d as 20 


Function 
CLK 
CE 
RS 


Select Dot Register 
Not Rising 
.! 
L 


Load Dot Register 
DIN= HIGH 
LED = "ON" 
i 
L 
X 


DIN = LOW 
LED = "OFF" 


Copy Data from Dot Register 
to Dot Latch 
L 
H 
X 


Select Control Register 
Not Rising 
.! 
H 


Load Control Register[l) 
i 
L 
X 


Latch Data to Control Word 1[2l 
L 
H 
X 


Notes: 
1. BIT Do of Control Word 1 must have been previously 
set to Low for serial mode or High for simultaneous 
mode. 


2. Selection of Control Word 1 or Control Word 0 is set by D7 of the Control Shift Register. 
The unselected 
control word retains 
its 


previous value. 
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columns by 8 rows. This array 
can be conceptualized as four 5 
x 8 dot matrix character 
loca- 
tions, but only 7 of the 8 rows 
have LEDs (see Figures 1 & 2). 
The bottom row (row 0) is not 
used. Thus, latch location 0 is 
never displayed. Column 0 
controls the left-most column. 
Data from Dot Latch locations 
0-7 determine whether or not 
pixels in Column 0 are 
turned-on or turned-off. 
Therefore, the lower left pixel is 
turned-on when a logic high is 
stored in Dot Latch location l. 
Characters 
are loaded-in 
serially, with the left-most 
character being loaded first and 
the right-most 
character being 


loaded last. By loading one 
character at a time and latching 
the data before loading the next 
character, 
the figures will 


appear to scroll from right to 
left. 


Control Register 
The Control Register allows 
software modification of the IC's 
operation and consists of two 
independent 
7-bit control words. 


Bit D7 in the shift register 
selects one of the two 7-bit 
control words. Control Word 0 
performs pulse width modula- 
tion brightness 
control, peak 
pixel current brightness 
control, 


and sleep mode. Control Word 1 
sets serial/simultaneous 
data 
out mode, and external oscilla- 
tor prescaler. Each function is 
independent 
ofthe others. 


Control Register Data 
Loading 
Data is loaded into the Control 
Register according to the proce- 
dure shown in Table 1 and the 
Write Cycle Timing Diagram. 
First, RS is br~ht 
to logic 
high and then CE is brought to 


logic low. Next, each successive 
rising CLK edge will shift in the 
data on the DINpin. Finally, 
when 8 bits have been loaded, 
the CE line is brought to logic 
high. When CLK goes to logic 
low, new data is copied into the 
selected control word. Loading 
data into the Control Register 
takes place while the previous 
control word configures the 
display. 


Control Word 0 
Loading the Control Register 
with D7 = Logic low selects 
Control Word 0 (see Table 2). 
Bits Do-D3 adjust the display 
brightness 
by pulse width 
modulating the LED on time. 
While Bits D4-D5 adjust the 
display brightness 
by changing 


the peak pixel current. Bit D6 
selects normal operation or 
sleep mode. 
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Sleep mode (Control Word 0, bit 
D6 = Low) turns off the Internal 
Display Oscillator and the LED 
pixel drivers. This mode is used 
when the IC needs to be powered 
up, but does not need to be 
active. Current 
draw in sleep 
mode is nearly zero. Data in the 
Dot Register and Control Words 
are retained 
during sleep mode. 


Control Word 1 
Loading the Control Register 
with D7 = logic high selects 
Control Word 1. This Control 
Word performs two functions: 
serial/simultaneous 
data out 
mode and external oscillator 
pre scale select (see Table 2). 


Serial/Simultaneous 
Data Output Do 
Bit Do of control word 1 is used 
to switch the mode of DoUT 
between serial and simulta- 
neous data entry during Control 
Register writes. The default 
mode (logic low) is the serial 
DoUT mode. In serial mode, DoUT 
is connected to the last bit (D7) 
of the Control Shift Register. 


Storing a logic high to bit Do . 
changes DoUT to simultaneous 
mode which affects the Control 
Register only. In simultaneous 
mode, DoUT is logically con- 
nected to DIN'This arrangement 
allows multiple ICs to have 
their Control Registers written 
to simultaneously. 
For example, 
for NICs in the serial mode, N * 
8 clock pulses are needed to load 
the same data in all Control 
Registers. In the simultaneous 


mode, NICs only need 8 clock 
pulses to load the same data in 
all Control Registers. The 
propagation delay from the first 
IC to the last is N * toOUTP' 


External Oscillator 
Prescaler Bit D1 
Bit DI of Control Word 1 is used 
to scale the frequency of an 
external Display Oscillator. 
When this bit is logic low, the 
external Display Oscillator 
directly sets the internal 
display 
clock rate. When this bit is a 
logic high, the external oscilla- 
tor is divided by 8. This scaled 
frequency then sets the internal 
display clock rate. It takes 512 
cycles of the display clock (or 8 x 
512 = 4096 cycles of an external 
clock with the divide by 8 pre- 
scaler) to completely refresh the 
display once. Using the pre- 
scaler bit aHows the designer to 
use a higher external oscillator 
frequency without extra 
circuitry. 


This bit has no affect on the 
internal Display Oscillator 
Frequency. 


Bits D2-D6 
These bits must always be 
programmed to logic low. 


Cascaded ICs 
Figure 3 shows how two ICs are 
connected within an 
HCMS-29XX display. The first 
IC controls the four left-most 
characters 
and the second IC 
controls the four right-most 
characters. The Dot Registers 


are connected in series to form a 
320-bit dot shift register. The 
location of pixel 0 has not 
changed. However, Dot Shift 
Register bit 0 of IC2 becomes bit 
160 of the 320-bit dot shift 
register. 


The Control Registers of the two 
ICs are independent 
of each 
other. This means that to adjust 
the display brightness 
the same 


control word must be entered 
into both ICs, unless the Control 
Registers are set to 
simultaneous 
mode. 


Longer character 
string systems 


can be built by cascading multi- 
ple displays together. This is 
accomplished by creating a five 
line bus. This bus consists of 
CE, RS, BL, Reset, and CLK. 
The display pins are connected 
to the corresponding bus line. 
Thus, all CE pins are connected 
to the CE bus line. Similarly, 
bus lines for RS, BL, Reset, and 
CLK are created. Then DINis 
connected to the right-most 
display. DoUT from this display 
is connected to the next display. 
The left-most display receives 
its DINfrom the DOUT of the 
display to its right. DoUT from 
the left-most display is not used. 


Each display may be set to use 
its internal 
oscillator, or the 
displays may be synchronized 
by setting up one display as the 
master and the others as slaves. 
The slaves are set to receive 
their oscillator input from the 
master's oscillator output. 
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Table 
2. Control 
Shift 
Register 


CONTROL WORD 0 
__________ 
A. 
_ 


i 
Bit D7 
I 
On-Time 
Duty 
Relative 
Set Low 
DWM Brightness 
Oscillator 
Factor 
Brightness 
to Select 
Control 
Cycles 
(%) 
(%) 
Control 
Word 0 
L 
L 
L 
L 
0 
0 
0 
L 
L 
L 
H 
1 
0.2 
1.7 
L 
L 
H 
L 
2 
0.4 
3.3 
L 
L 
H 
H 
3 
0.6 
5.0 
L 
H 
L 
L 
4 
0.8 
6.7 
L 
H 
L 
H 
5 
1.0 
8.3 
L 
H 
H 
L 
7 
1.4 
11.7 
L 
H 
H 
H 
9 
1.8 
15 
H 
L 
L 
L 
11 
2.1 
18 
H 
L 
L 
H 
14 
2.7 
23 
H 
L 
H 
L 
18 
3.5 
30 
H 
L 
H 
H 
22 
4.3 
37 
H 
H 
L 
L 
28 
5.5 
47 
H 
H 
L 
H 
36 
7.0 
60 
H 
H 
H 
L 
48 
9.4 
80 
H 
H 
H 
H 
60 
11.7 
100 


Relative 
Full 
Scale 
Current 
(Relative 
Brightness, 
%) 


31 
50 
73 (Default 
at· Power Up) 


100 


Peak 
Current 
Brightness 
Control 
H L 
L 
H 
L 
L 
H 
H 


Typical 
Peak 
Pixel 
Current 
(mA) 


4.0 
6.4 
9.3 
12.8 


L - DISABLES 
INTERNAL 
OSCILLATOR-DISPLAY 
BLANK 
H - NORMAL OPERATION 


H 
i 
BitD7 
Set High 
to Select 
Control 
Word 1 


v 
I 
Reserved 
for Future 
Use (Bits D2-D6 
must be set Low) 


SeriaVSimultaneous 
Data Out 
L - Dout holds contents 
of Bit D..1 
H - Dout is functionally 
tied to Din 


External 
Display Oscillator 
Prescaler 
L - Oscillator 
Freq + 1 
H - Oscillator 
Freq + 8 
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Co 
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RESET 
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Appendix A.Thermal 
Considerations 
The display Ie has a maximum 
junction 
temperature 
of 150°C. 


The IC junction 
temperature 
can be calculated 
with Equation 
1 below. 


PD can be calculated 
as Equa- 
tion 2 below. 


Figure 4 shows how to derate 
the power of one IC versus 
ambient temperature. 
Operation 
at high ambient 
temperatures 
may require 
the power per IC to 
be reduced. The power consump- 
tion can be reduced by changing 
either the N, IpIJ(EL'Osc cyc or 
VLED.Changing 
VLOGIChas very 
little impact. on the power 
consumption 
. 


A typical value for RaJA is 
100°CIW. This value is typical 
for a display mounted 
in a 
socket and covered with a plastic 
filter. The socket is soldered to a 
.062 in. thick PCB with .020 
inch wide, one ounce copper 
traces. 


Equation 
1: 


TJMAX = TA+ PD * RaJA 


Where: 
TJMAX = maximum 
IC junction 
temperature 
TA= ambient 
temperature 
surrounding 
the display 
RTIJA= thermal 
resistance 
from the IC junction 
to ambient 
PD = power dissipated 
by the Ie 


Equation 
2: 


PD = (N * IplXEL* Duty Factor * VLED)+ ILOGIC* VLOGIC 


Where: 


PD = total power dissipation 
N = number 
of pixels on (maximum 
4 char * 5 * 7 = 140) 
IpIXEL= peak pixel current. 
Duty Factor = 1/8 * Osccycl64 
Osc cyc = number 
of ON oscillator 
cycles per row 
ILOGIC= IC logic current 
VLOGIC= logic supply voltage 


Equation 
3: 


IpEAK= M * 20 * IpIXEL 


Where: 
IpEAK= maximum 
instantaneous 
peak current 
for the display 
M = number 
of ICs in the system 
20 = maximum 
number 
of LEDs en per IC 
IpIXEL= peak current 
for one LED 


Equation 
4: 


ILED(AVG)= N * IpIXEL* 1/8 * (oscillator 
cycles)/64 


(see Variable 
Definitions 
above) 
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Appendix B. Electrical 
Considerations 
Current 
Calculations 
The peak and average 
display 
current 
requirements 
have a 
significant 
impact on power 
supply selection. The maximum 
peak current 
is calculated 
with 
Equation 
3 below. 


The average 
current 
required 
by 
the display can be calculated 
with Equation 
4.below. 


The power supply has to be able 
to supply IpEAKtransients 
and 
supply ILED(AVG)continuously. 
The range on VLEDallows noise 
on this supply without 
signifi- 
cantly changing 
the display 
brightness. 


VLOGICand VLED 
Considerations 
The display uses two indepen- 
dent electrical 
systems. 
One 
system is used to power the 
display's 
logic and the other to 
power the display's 
LEDs. These 
two systems keep the logic 
supply clean. 


Separate 
electrical 
systems 
allow the voltage applied to 
VLEDand VLOGICto be varied 
independently. 
Thus, VLEDcan 
vary from 0 to 5.5 V without 


effecting either the Dot or the 
Control Registers. VLED can be 
varied between 4.0 to 5.5 V 
without any noticeable variation 
in light output. However, oper- 
ating VLED below 4.0 V may 
cause objectionable mismatch 
between the pixels and is not 
recommended. 
Dimming the 
display by pulse width modulat- 
ing VLED is also not 
recommended. 


VLOG1C can vary from 3.0 to 5.5 
V without effecting either the 
displayed message or the 
display intensity. 
However, 
operation below 4.5 V will 
change the timing and logic 
levels and operation below 3 V 
may cause the Dot and Control 
Registers to be altered. 


The logic ground is internally 
connected to the LED ground by 
a substrate 
diode. This diode 
becomes forward biased and 
conducts when the logic ground 
is 0.4 V greater then the LED 
ground. The LED ground and 
the logic ground should be 
connected to a common ground 
which can withstand 
the 
current introduced by the 
switching LED drivers. When 
separate ground connections are 
used, the LED ground can vary 
from -0.3 V to +0.3 V with 
respect to the logic ground. 
Voltages below -0.3 V can cause 
all the dots to be ON. Voltage 
above +0.3 V can cause dimming 
and dot mismatch. The LED 
ground for the LED drivers can 
be routed separately from the 
logic ground until an appropri- 
ate ground plane is available. 
On long interconnections 
between the display and the 
host system, voltage drops on 
the analog ground can be kept 
from affecting the display logic 
levels by isolating the two 
grounds. 


Electrostatic 
Discharge 
The inputs to the ICs are pro- 
tected against static discharge 
and input current latchup. How- 
ever, for best results, standard 
CMOS handling precautions 
should be used. Before use, the 
HCMS-29XX should be stored in 
antistatic 
tubes or in conductive 
material. During assembly, a 
grounded conductive work area 
should be used and assembly 
personnel should wear conduc- 
tive wrist straps. Lab coats 
made of synthetic material 
should be avoided since they are 
prone to static buildup. Input 
current latchup is caused when 
the CMOS inputs are subjected 
to either a voltage below ground 


(VIN 
< ground) or to a voltage 
higher then VLOG1C 
(VIN 
> 
VLOG1C) and when a high 
current is forced into the input. 
To prevent input current 
latchup and ESD damage, 
unused inputs should be con- 
nected to either ground or 
VLOG1C' Voltages should not be 
applied to the inputs until 
VLOG1C has been applied to the 
display. 


Appendix C. Oscillator 
The oscillator provides the 
internal refresh circuitry with a 
signal that is used to synchron- 
ize the columns and rows. This 
ensures that the right data is in 
the dot drivers for that row. 
This signal can be supplied from 
either an external source or an 
internal 
source. 


A display refresh rate of 100 Hz 
or faster ensures flicker-free 
operation. Thus for an external 
oscillator the frequency should 
be greater than or equal to 512 
x 100 Hz = 51.2 kHz. Operation 
above 1 MHz without the 
prescaler or 8 MHz with the 
prescaler may cause noticeable 
pixel to pixel mismatch. 
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Appendix D. Refresh 
CIrcuitry 
This display driver consists of 
20 one-of-eight column decoders 
and 20 constant current sources, 
1 one-of-eight row decoder and 
eight row sinks, a pulse width 
modulation control block, a peak 
current control block, and the 
circuit to refresh the LEDs. The 
refresh counters and oscillator 
are used to synchronize the 
columns and rows. 


The 160 bits are organized as 20 
columns by 8 rows. The IC 
illuminates 
the display by 
sequentially 
turning ON each of 
the 8 row-drivers. To refresh the 
display once takes 512 oscillator 
cycles. Because there are eight 
row-drivers, each row-driver is 
selected for 64 (51218) oscillator 
cycles. Four cycles are used to 
briefly blank the display before 
the following row is switched on. 
Thus, each row is ON for 60 
oscillator cycles out of a possible 
64. This corresponds to the 
maximum LED on time. 
I 


Appendix E. Display 
Bnghtness 
Two ways have been shown to 
control the brightness 
of this 
LEO display: setting the peak 
current and setting the duty 
factor. Both values are set in 
Control Word O. To compute the 
resulting display brightness 
when both PWM and peak 
current control are used, simply 
multiply the two relative bright- 
ness factors. For example, if 
Control Register 0 holds the 
word 1001101, the peak current 
is 73% offull scale (BIT 05 = L, 
BIT 04 = L) and the PWM is set 
to 60% duty factor (BIT 03 = H, 
BIT O2 = H, BIT 01 = L, BIT 00 
= H). The resulting brightness 
is 
44% (.73 x .60 = .44) offull 
scale. 
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The temperature 
of the .display 
will also affect the LED bright- 
ness as shown in Figure 5. 


Appendix F. Reference 
Material 


Application 
Note 1027: 
Soldering 
LED Components 
Application 
Note 1015: Contrast 
Enhancement 
Techniques 
for 
LED Displays 


rh~ HEWLETT 
~~ 
PACKARD 


Four Character 5.0mm (0.2 in.) 
Smart 5 x 7 Alphanumeric 
Displays 


Features 
• Enhanced 
Drop-in 
Replace- 
ment to HPDL-2416 
• Smart 
Alphanumeric 
Display 
Built-in RAM, ASCII Decoder, 
and LED Drive Circuitry 
• CMOS IC for Low Power 
Consumption 
• Software 
Controlled 
Dimming 
Levels 
and Blank 
• 128 ASCIl Character 
Set 
• End-Stackable 
• Categorized 
for Luminous 
Intensity; 
YELLOW and 
GREEN Categorized 
for 
Color 
• Low Power 
and Sunlight 
Viewable 
AlGaAs Versions 
• Wide Operating 
Temperature 
Range 
-40°C to +85°C 
• Excellent 
ESD Protection 
• Wave Solderable 
• Wide Viewing 
Angle 
(50' typ) 


Description 
These are 5.0 mm (0.2 inch) 
four character 5 x 7 dot matrix 
displays driven by an on-board 
CMOS IC. These displays are 
pin for pin compatible with the 
HPDL-2416. 
The IC stores and 
decodes 7 bit ASCII data and 
displays it using a 5 x 7 font. 
Multiplexing circuitry, and 
drivers are also part of the IC. 
The IC has fast setup and hold 
times which makes it easy to 
interface to a microprocessor. 


Absolute Maximum Ratings 
Supply Voltage, VDD to Ground[l] 
-0.5 V to 7.0 V 


Input Voltage, Any Pin to Ground 
-0.5 V to VDD + 0.5 V 


Free Air Operating Temperature 
Range, TA ••••••••••••• 
-40°C to +85°C 


Storage Temperature, 
Ts 
-40°C to 100°C 


CMOS IC Junction Temperature, 
TJ (lC) 
+150°C 


Relative Humidity (non-condensing) at 65°C 
85% 


Maximum Solder Temperature, 
1.59 mm 
(0.063 in.) below Seating Plane, t < 5 sec 
260°C 


ESD Protection, R = 1.5 kil, C = 100 pF 
Vz = 2 kV (each pin) 


Note: 
1. Maximum Voltage i. with no LED. illuminated. 


Standard 
Red I AlGaAs Red 
High Efficiency 
Red 
Orange 
Yellow 
Green 


HDLR-2416 rlkw HDLS-2416 
HDLO-2416 
HDLA-2416 
HDLY-2416 
HDLG-2416 


rlew HDLU-2416 


ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED 
WITH THE HDLX-2416 
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The address and data inputs 
can be directly connected to the 
microprocessor address and 
data buses. 


The HDLX-2416 has several 
enhancements 
over the HPDL- 
2416. These features include an 
expanded character set, internal 
8 level dimming control, exter- 
nal dimming capability, and 
individual digit blanking. 
Finally, the extended functions 
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Notes: 
1. Unless 
otherwise 
specified 
the tolerance 
on all dimensions 
is ±O.254 mm (±O.OW") 
2. All dimensions 
are in mmlinches. 
3. For yellow and green 
displays 
only. 


can be disabled which allows 
the HDLX-2416 to operate 
exactly like an HPDL-2416 by 
disabling all of the enhance- 
ments except the expanded 
character set. 


operates at the 100% brightness 
level, while the HDLU-2416 
operates at the 27% brightness 
level. Power on sets the internal 
brightness 
control (bits 3-5) in 
the control register to binary 
code (000). For the HDLS-2416 
binary code (000) corresponds to 
a 100% brightness 
level, and for 
the HDLU-2416 binary code 
(000) corresponds to a 27% 
brightness level. The other 
seven brightness 
levels are 
identical for both parts. 


The difference between the 
sunlight viewable HDLS-2416 
and the low power HDLU-2416 
occurs at power-on or at the 
default brightness level. Follow- 
ing power up, the HDLS-2416 
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15.24 
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IMAGE 
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DATE CODe (YEAR, 
WEEK) 
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Recommended 0 erating Conditions 


Parameter 
Symbol 
Min. 
Typ. 


5.0 


Electrical Characteristics 
Over Operating Temperature Range 
4.5 < V00 < 5.5 V (unless otherwise 
specified) 
All Devices 
25°CU] 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Max. 
Units 
Test 
Conditions 


100 Blank 
100 Cblnk) 
1.0 
4.0 
mA 
All Digits Blanked 


Input Current 
II 
-40 
10 
J.1A 
V]N= 0 V to Voo 
Voo = 5.0 V 


Input Voltage High 
VIH 
2.0 
Voo 
V 


Input Voltage Low 
VIL 
GND 
0.8 
V 


25°C11l 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Max. 
Units 
Test 
Conditions 


1004 digits 
100(#) 
110 
130 
160 
mA 
"#" ON in all four 


20 dots/character2• 
3] 
locations 


~o Cursor all 
100 (CU) 
92 
110 
135 
mA 
Cursor ON in all 
otsON@50% 
four locations 


25°r,U] 
Part 
Number 
Parameter 
Symbol 
Typ. 
Max. 
Max. 
Units 
Test 
Conditions 


HDLS-2416 
1004 digits 
100(#) 
125 
146 
180 
mA 
Four "#" ON in 
20 dots/character2•3] 
all four locations 


HDLU-2416 
,34 
42 
52 


HDLS-2416 
100 Cursor all dots 
Ioo(CU) 
105 
124 
154 
mA 
Four cursors 
ON 


ON@ 
50% 
in all four locations 


HDLU-2416 
29 
36 
45 


25°CU] 
Parameter 
Symbol 
Min. 
Typ. 
Max. 
Max. 
Units 
Test 
Conditions 


1004 digits 
100 (#) 
125 
146 
180 
mA 
"#" ON in all four 


20 dots/character'-3] 
locations 


I 
Cursor 
Ioo(CU) 
105 
124 
154 
mA 
Cursor ON in all 
aYfdots ON @ 50% 
four locations 


Notes: 
1. VDD = 5.0V 
2. Average ~D measured 
at full brightness. 
Peak IDD= 28/15 x Average IDD<N). 


3. Ipo.<t/) max. = 130 mA for HDLOIHDLAlHDLYIHDLG-2416, 
146 mA for HDLRlHDLS-2416, 
and 42 mA for HDLU-2416 
at 


default brightness, 
150'C 
IC junction 
temperature 
and VDD= 5.5 V. 


Optical Characteristics at 25°C[l) 
VDD = 5.0 V at Full Brightness 


HDLR·2416 


Parameter 
. 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Iv 
0.5 
1.1 
mcd 
"*" illuminated 
in all four digits. 
Intensity 
per digit, 
19 dots ON 
Character 
Average 


Peak Wavelength 
A"EAK 
655 
nm 


Dominant Wavelength!2] 
Ad 
640 
nm 


Part 
Number 
Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


HDLS-2416 
Average Luminous 
Iv 
4.0 
12.7 
mcd 
"*" illuminated 
in all 
Intensity 
per digit, 
four digits, 19 dots ON 
HDLU-2416 
Character 
Average 
1.2 
3.1 
mcd 
per digit. 


All 
Peak Wavelength 
A"EAK 
645 
nm 


Dominant Wavelength!2] 
Ad 
637 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Iv 
1.2 
3.5 
mcd 
"*" illuminated 
in all four digits. 
Intensity 
per digit, 
19 dots ON 
Character 
Average 


Peak Wavelength 
~AK 
635 
nm 


Dominant Wavelength!2] 
Ad 
626 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Iv 
1.2 
3.5 
mcd 
"*" illuminated 
in all four digits. 


Intensity 
per digit, 
19 dots ON 
Character 
Average 


Peak Wavelength 
A"EAK 
600 
nm 


Dominant Wavelength!2] 
Ad 
602 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Iv 
1.2 
3.7 
mcd 
"*" illuminated 
in all four digits. 
Intensity 
per digit, 
19 dots ON 
Character 
Average 


Peak Wavelength 
~AK 
583 
nm 


Dominant Wavelength!2] 
Ad 
585 
nm 


• 


. 
:.. 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test 
Conditions 


Average Luminous 
Iv 
1.2 
5.6 
mcd 
"*,, illuminated 
in all four digits. 


Intensity 
per digit, 
19 dots ON 
Character 
Average 


Peak Wavelength 
~AK 
568 
nm 


Dominant 
Wavelength!2] 
Ad 
574 
nm 


Notes: 
1. Refers to the initial case temperature 
of the device immediately 
prior to the light measurement. 


2. Dominant 
wavelength, 
A.d,is derived from the CIE chromaticity 
diagram, 
and represents 
the single wavelength 
which defines 


the color of the device. 


ACTiming Characteristics 
Over Operating 
Temperature 
Range at VDD= 4.5V 


Parameter 
Symbol 
Min 
Units 


Address 
Setup 
tAS 
10 
ns 
Address 
Hold 
tAH 
40 
ns 
Data Setup 
Ins 
50 
ns 
Data Hold 
InH 
40 
ns 
Chip Enable 
Setup 
tCES 
0 
ns 
Chip Enable 
Hold 
tCEH 
0 
ns 
Write Time 
tw 
75 
ns 
Clear 
tCLR 
10 
JlS 
Clear Disable 
tCLRD 
1 
Jls 


Enlarged Character 
Font 


1343(013511 


0.80kiJ3iI- 
- 
- 
- -1 
Tr-- __ •• 
••••• 
• 
• 
• 
•• 
(05:i:1 
L· •••• J 
••••• 
0.25(0.01011. 
• 
• 
• 
• 
TYP 
I 
I 


---i 
~ 
0.80 (0.031) 


TYP 


D'''' 
2.QV 


O.8V 


NOTES: 


1. UNLESS 
OTHERWISE 
SPECIFIED 
THE TOLERANCE 
ON ALL 
DIMENSIONS 
IS ± 0.254 mm 10.010 IN.) 


Pin Function 
Description 


Chip Enable 
CE1 and CE2 must be a logic 0 to write to the 
(CE1 and CE2, 
display. 


pins 1 and 2) 


Clear 
When CLR is a logic 0 the ASCII RAM is reset 
(CLR, pin 3) 
to 20hex (space) and the Control Register/ 
Attribute RAM is reset to OOhex. 


Cursor Enable 
CUE determines whether the Ie displays the 
(CUE pin 4) 
ASCII or the Cursor memory. (1 = Cursor, 
0= ASCII). 


Cursor Select 
CU determines whether data is stored in the 
(CU, pin 5) 
ASCII RAM or the Attribute RAMlControl 
Register. (l = ASCII, 0 = Attribute 
RAMlControl Register). 


Write 
WR must be a logic 0 to store data in the 
(WR, pin 6) 
display. 


Address 
~-AI 
selects a specific location in the display 
Inputs 
memory. Address 00 accesses the far right 
(AI andA~, 
display location. Address 11 accesses the far 
pins 8 an 
7) 
left location. 


Data Inputs 
Do-D6 are used to specify the input data for the 
(Do-D6, 
display. 
pins 11-17) 


VDD 
VDD is the positive power supply input. 


(pin 9) 


GND 
GND is the display ground. 


(pin 10) 


Blanking 
BL is used to flash the display, blank the 
Input 
display or to dim the display. 
(BL, pin 18) 


Display Internal Block 
Diagram 
Figure 1 shows the HDLX-2416 
display internal block diagram. 
The CMOS IC consists of a 4 x 7 
Character RAM, a 2 x 4 Attrib- 
ute RAM, a 5 bit Control Regis- 
ter, a 128 character ASCII 
decoder and the refresh circuitry 
necessary to synchronize the 
decoding and driving offour 5 x 
7 dot matrix displays. 


Four 7 bit ASCII words are 
stored in the Character RAM. 
The IC reads the ASCII data 
and decodes it via the 128 
character ASCII decoder. The 
ASCII decoder includes the 64 
character set ofthe HPDL-2416, 
32 lower case ASCII symbols, 
and 32 foreign language sym- 
bols. 
I·: 
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A 5 bit word is stored in the 
Control Register. 
Three fields 
within the Control Register 
provide an 8 level brightness 
control, master blank, and 
extended functions disable. 


For each display digit location, 
two bits are stored in the Attrib- 
ute RAM. One bit is used to 
enable a cursor character at 
each digit location. A second bit 
is used to individually disable 
the blanking features at each 
digit location. 


The display is blanked and 
dimmed through an internal 
blanking input on the row 
drivers. 
Logic within the IC 
allows the user to dim the 
display either through the BL 
input or through the brightness 
control in the control register. 
Similarly the display can be 
blanked through the BL input, 
the Master Blank in the Control 
Register, or the Digit Blank 
Disable in the Attribute RAM. 


CHARACTER!CURSOR 


CHARACTER 
RAM 
ASCIl 
DECODER 
MUL T/PLEXEA 


AO -Al 
WRITE 
DATA 
CHARACTER 


ADDRESS 
OUT 
SELECT 


COLUMN 


DO - 06 
DATA 
IN 
DATA 
CE, 


CE2 


CHARACTER! 


WRITE 
CURSOR 


WR 
MULTIPLEXER 


CD 


(4 x 7) 


READ 
3 
ROW 
CURSOR 
ADDRESS 
SELECT 
CHARACTER 


CLR 
SELECT 


CLR 


ATTRIBUTE 
RAM 
CUE 


Do 
DIGIT 
CURSOR 


OC" 
-------- 


0, 
DIGIT 
BLANK 
DISABLE 
-------- 


AO-A, 
WRITE 
ADDRESS 


WRITE 


(2 x 4) 


READ 
ADDRESS 


CLR 


CLR 


CONTROL 
REGISTER 


0, 
MASTER 
BLANK 
------ 


DeDn 


OJ-OS 
BRIGHTNESS 
LEVELS 


------ 
EXTENDED 


"" 


FUNCTIONS 
DISPLAV 
CE1 
------ 
1 x 5 
CE2 


WRITE 


W- 


CD 
CLR 


CLR 


Display Clear 
Data stored in the Character 
RAM, Control Register, and 
Attribute RAM will be cleared if 
the clear (CLR) is held low for a 
minimum of 10 ~s. Note that 
the display will be cleared 
regardless 
of the state of the 


chip enables (CEl' CE2). 
After 


the display is cleared, the ASCII 
code for a space (20hex) is loaded 
into all character 
RAM locations 


and OOhexis loaded into all 
Attribute RAMlControl Register 
memory locations. 


Data Entry 
Figure 2 shows a truth table for 
the HDLX-2416 display. 
Setting 


the chip enables (CE" CE2) to_ 
logic 0 and the cursor select (CU) 
to logic 1 will enable ASCII data 
loading. 
When cursor select 


(CU) is set to logic 0, data will be 
loaded into the Control Register 
and Attribute RAM. Address 
inputs ~-Al 
are used to select 
the digit location in the display. 
Data inputs Do-D6are used to 
load information into the dis- 
play. Data will be latched into 
the display on the rising edge of 
the WR signal.~o-D6' 
~-Al' 


CE , CE2, and CU must be held 
stable during the write cycle to 
ensure that correct data is 
stored into the display. 
Data 


can be loaded into the display in 
any order. Note that when Ao 
and Al are logic 0, data is stored 
in the right most display loca- 
tion. 


Cursor 
When cursor enable (CUE) is a 
logic 1, a cursor will be displayed 


in all digit locations where a 
logic 1 has been stored in the 
Digit Cursor memory in the 
Attribute RAM. The cursor 
consists of all 35 dots ON at half 
brightness. 
A flashing cursor 


can be displayed by pulsing 
CUE. When CUE is a logic 0, 
the ASCII data stored in the 
Character 
RAM will be dis- 


played regardless 
of the Digit 
Cursor bits. 


Blanking 
Blanking of the display is 
controlled through the BL input, 
the Control Register and Attrib- 
ute RAM. The user can achieve 
a variety offunctions 
by using 


these controls in different 
combinations, such as full 
hardware 
display blank, soft- 
ware blank, blanking ofindivid- 


CUE 
BL 
CLR 
CE, 
CE, 
WR 
cu 
A, 
A, 
D, 
D, 
D. 
D. 
D, 
D, 
D, 
Function 


0 
1 
1 
Display 
ASCII 


1 
1 
1 
Display 
Stored 
Cursor 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
Reset RAMs 


X 
0 
1 


Blank 
Display 
but 
do not reset 


RAMS 
and 
Control 
Register 


Extended 
Intensity 
Master 
Digit 
Digit 
Write 
to Attribute 
RAM 
0 
0 
0 
Functions 
Control 
Blank 
Blank 
Cursor 
and 
Control 
Register 
Disable 
Disable 
0 
0 


. 


O. 
000 _ )()()%. 
O. 
Digit 
Digit 
DBD. 
_ 0, Allows 
Digit 
n to be 


0 
0 
1 
Enable 
001- 60% 
Display 
Blank 
Cursor 
blanked 
°1-0• 
OtO _ 40% 
ON 
Disable 
1 
1 
011_27% 
DBD .• - 
1 Prevents 
Digit 
n 
X 
X 
1 
0 
0 
0 
1_ 
100_17% 
1_ 
Digit 
n;git 
from 
being 
blanked. 


0 
1 
0 
Disable 
101.10% 
Display 
Blank 
Cursor 


°1-0• 
110_ 7% 
Blanked 
Disable 
2 
2 
OC. 
_ 0 Removes 
cursor 
from 


111-3% 
Digitn 
D, 
nigHt 
Digit 


0 
1 
1 
Always 
Blank 
CUrBor 
DC. 
- 
1 Stores 
cursor 
at 


Enabled 
Disable 
3 
3 
Digitn 


1 
0 
0 
Digit 
0 ASCII 
Dat.a (Right 
Most 
Character) 


1 
0 
1 
Digit 
1 Ascn Data 
X 
X 
1 
0 
0 
0 
Write 
to Character 
RAM 
1 
1 
0 
Digit 
2 ASCn 
Data 


1 
1 
1 
Digil3 
ASCn 
Data 
(Len 
Mosl 
Character) 


1 
X 
X 


X 
X 
1 
X 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
No Change 


X 
X 
1 
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ual characters, 
and synchronized 
flashing of individual characters 
or entire display (by strobing the 
blank input). 
All of these 
blanking modes affect only the 
output drivers, maintaining 
the 
contents and write capability of 
the internal RAMs and Control 
Register, so that normal loading 
of RAMs and Control Register 
can take place even with the 
display blanked. 


Figure 3 shows how the Ex- 
tended Function Disable (bit De 
ofthe Control Register), Master 
Blank (bit D2 of the Control 
Register), Digit Blank Disable 
(bit D1 of the Attribute RAM), 
and BL input can be used to 
blank the display. 


When the Extended Function 
Disable is a logic I, the display 
can be blanked only with the BL 
input. 
When the Extended 
Function Disable is a logic 0, the 
display can be blanked through 
the BL input, the Master Blank, 
and the Digit Blank Disable. 
The entire display will be 
blanked if either the BL input is 
logic 0 or the Master Blank is 
logic 1, providing all Digit 
Blank Disable bits are logic O. 
Those digits with Digit Blank 
Disable bits a logic 1 will ignore 


0 
0 
0 
0 


0 
0 
X 
1 


0 
X 
1 
0 


0 
1 
0 
X 


0 
1 
1 
1 


1 
X 
X 
0 


1 
X 
X 
1 


Display 
ON 


Display 
Blanked 
by BL. Individual 
characters 
"ON' based on "1" being stored in DBD. 


Display Blanked 
by MB 


Display Blanked 
by MB. Individual 
characters 
"ON" based on ''1'' being stored 
in DBD. 


DisJ'lay Blanked 
by BL 


both blank signals and remain 
ON. The Digit Blank Disable 
bits allow individual characters 
to be blanked or flashed in 
synchronization with the BL 
input. 


Dimming 
Dimming of the display is 
controlled through either the BL 
input or the Control Register. 
A 
pulse width modulated signal 
can be applied to the BL input to 
dim the display. A three bit 
word in the Control Register 
generates an internal pulse 
width modulated signal to dim 


the display. The internal 
dimming feature is enabled only 
if the Extended Function Disable 
is a logic O. 


Bits 3-5 in the Control Register 
provide internal brightness 
control. These bits are inter- 
preted as a three bit binary code, 
with code (000) corresponding to 
the maximum brightness 
and 
code (111) to the minimum 
brightness. 
In addition to 
varying the display brightness, 
bits 3-5 also vary the average 
value of IOQ' 
100 can be specified 
at any brightness level as shown 
in Table 1: 


Symbol 
Ds 
D4 
Ds 
Brightness 
25°C Typ. 
25°C Max. 
Max. over Temp. 
Units 
100(#) 
0 
0 
0 
100% 
110 
130 
160 
mA 


0 
0 
1 
60% 
66 
79 
98 
mA 


0 
1 
0 
40% 
45 
53 
66 
mA 


0 
1 
1 
27% 
30 
37 
46 
mA 


1 
0 
0 
17% 
20 
24 
31 
mA 
1 
0 
1 
10% 
12 
15 
20 
mA 


1 
1 
0 
7% 
9 
11 
15 
mA 


1 
1 
1 
3% 
4 
6 
9 
mA 


BI (PIN 
18) 


10kHz 
OUTPUT 


"""pF I 


Figure 
4. Intensity 
Modulation 
Control 
Using an Astable 
Multivi· 
brator 
(reprinted 
with permission 


from Electronic. magazine, 
Sept. 19, 
1974, VNU Business 
pub. Inc.) 


Figure 4 shows a circuit de- 
signed to dim the display from 
98% to 2% by pulse width 
modulating 
the BL input. 
A 
logarithmic 
or a linear potenti- 
ometer may be used to adjust 
the display intensity. 
However, 
a logarithmic 
potentiometer 
matches the response of the 
human eye and therefore pro- 
vides better resolution at low 
intensities. 
The circuit fre- 
quency should be designed to 
operate at 10 kHz or higher. 
Lower frequencies may cause 
the display to flicker. 


Extended Function 
Disable 
Extended Function Disable (bit 
Ds of the Control Register) 
disables the extended blanking 
and dimming functions in the 
HDLX-2416. 
If the Extended 
Function Disable is a logic 1, the 
internal brightness 
control, 
Master Blank, and Digit Blank 
Disable bits are ignored. 
How- 


ever the BL input and Cursor 
control are still active. This 
allows downward compatibility 
to the HPDL-2416. 


Mechanical and Electri- 
cal Considerations 
The HDLX-2416 is an 18 pin 
DIP package that can be stacked 
horizontally 
and vertically to 
create arrays of any size. The 
HDLX-2416 is designed to 
operate continuously from -40'C 
to + 85'C for all possible input 
conditions. 


The HDLX-2416 is assembled by 
die attaching 
and wire bonding 
140 LEDs and a CMOS IC to a 
high temperature 
printed circuit 
board. 
A polycarbonate 
lens is 
placed over the PC board creat- 
ing an air gap environment 
for 
the LED wire bonds. 
Backfill 
epoxy environmentally 
seals the 
display package. 
This package 
construction 
makes the display 
highly tolerant to temperature 
cycling and allows wave solder- 
ing. 


The inputs to the CMOS IC are 
protected against static dis- 
charge and input current 
latchup. 
However, for best 
results standard 
CMOS han- 


dling precautions 
should be 
used. 
Prior to use, the HDLX- 


2416 should be stored in anti- 
static tubes or conductive 
material. 
During assembly a 
grounded conductive work area 
should be used, and assembly 
personnel should wear conduc- 
tive wrist straps. 
Lab coats 
made of synthetic material 
should be avoided since they are 
prone to static charge build-up. 


Input current latchup is caused 
when the CMOS inputs are 
subjected either to a voltage 
below ground (V, < ground) or to 
a voltage higher''than 
VDD (Vin > 
VDD) and when a high current is 
forced into the input. 
To prevent 


input current latchup and ESD 


damage, unused inputs should 
be connected either to ground or 
to V. D' Voltages should not be 
appRed to the inputs until V. D 
has been applied to the dispPay. 
Transient 
input voltages should 
be eliminated. 


Soldering and Post 
Solder Cleaning 
Instructions for the 
HDLX-2416 
The HDLX-2416 may be hand 
soldered or wave soldered with 
SN63 solder. When hand 
soldering it is recommended 
that 


an electronically 
temperature 
controlled and securely 
grounded soldering iron be used. 
For best results, the iron tip 
temperature 
should be set at 
315'C (600'F). For wave solder- 
ing, a rosin-based 
RMA flux can 


be used. The solder wave 
temperature 
should be set at 
245'C ±5'C (473'F ±9'F), and 
dwell in the wave should be set 
between 1 1/2 to 3 seconds for 
optimum soldering. 
The preheat 


temperature 
should not exceed 
1l0'C (230'F) as measured 
on 
the solder side of the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. 
For solvent 
cleaning, Allied Chemical's 
Genesolv DES, or DuPont's 
Freon TE may be used. These 
solvents are azeotropes of 
trichlorotrifluroethane 
FC-1l3 
with low concentrations 
of 


ethanol (5%). The maximum 
exposure time in the solvent 
vapors at boiling temperature 
should not exceed 2 minutes. 
Parts should not be handled 
until dry and cool. Solvents 
containing high concentrations 
of alcohols such as methanol, 
ketones such as acetone or 
chlorinated 
solvent should not 


• 


. 
:.. 


be used as they will chemically 
attack the polycarbonate 
lens. 
Solvents containing trichlo- 
roethane 
FC-lll 
or FC-ll2 
and 
trichloroethylene 
(TCE) are also 
not recommended. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kester bio-kleen Formula 
5799 or its equivalent, 
may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. 
Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connections. 
The optimum water temperature 
is 60·C (l40·F). 
The maximum 
cumulative 
exposure of the 
HDLX-2416 to wash and rinse 
cycles should not exceed 15 
minutes. 
For additional 
infor- 
mation on soldering and post 
solder cleaning, see Application 
Note 1027. 


Contrast Enhancement 
The objective of contrast en- 
hancement 
is to provide good 


readability 
in the end user's 
ambient lighting conditions. 
The concept is to employ both 
luminance and chrominance 
contrast techniques. 
These 
enhance readability 
by having 
the OFF-dots blend into the 
display background 
and the ON- 


HDLR-2416/ 
HDLU-2416/ 
HDLS-2416: 


dots vividly stand out against 
the same background. 
Contrast 


enhancement 
may be achieved 
by using one of the following 
filters listed below. For addi- 
tional information 
on contrast 
enhancement, 
see Application 
Note 1015. 


Panelgraphic 
RUBY RED 60 
SGL Homalite HI00-1605 RED 
3M Louvered Filter R6610 RED or N0210 GRAY 


Panelgraphic 
SCARLET RED 65 or GRAY 10 
SGL Homalite HI00-1670 RED or -1266 GRAY 
3M Louvered Filter R6310 RED or N0210 GRAY 


Panelgraphic 
AMBER 23, AMBER 26 or GRAY 10 
SGL Homalite HI00-1709 AMBER or -1266 GRAY 
3M Louvered Filter A6010 or N0210 GRAY 


Panelgraphic 
YELLOW 27 or GRAY 10 
SGL Homalite HI00-1720 AMBER or -1266 GRAY 
3M Louvered Filter A5910 AMBER or N0210 GRAY 


HDLG-2416: 
Panelgraphic 
GREEN 48 
SGL Homalite HI00-1440 GREEN 
3M Louvered Filter G5610 GREEN or N0210 GRAY 


rh~ HEWLETT 
~r...•PACKARD 


8 Character 5 mm and 7 mm 
Smart Alph~numeric Displays 


Features 
• X Stackable 
(HDSP-211X1 
-212X) 
• XY Stackable 
(HDSP-250X) 
• 128 Character 
ASCII 
Decoder 
or 128 Character 
Katakana 
Decoder 
• Programmable 
Functions 
• 16 User Definable 
Characters 
• Multi-Level 
Dimming 
and 
Blanking 
• TTL Compatible 
CMOS IC 
• Wave Solderable 


Description 
The HDSP-211X/-212X/-250X 
series of products is ideal for 
applications where displaying 
eight or more characters 
of dot 
matrix information in an 
aesthetically 
pleasing manner is 
required. These devices are 


8-digit, 5 x 7 dot matrix, 
alphanumeric 
displays and are 
all packaged in a standard 
15.24 
mm (0.6 inch) 28 pin DIP. The 
on-board CMOS IC has the 
ability to decode 128 ASCII 
characters (HDSP-211X/-250X) 
or 128 Katakana 
characters 
(HDSP-212X), which are 
permanently 
stored in ROM. In 
addition, 16 programmable 
symbols may be stored in on- 
board ROM, allowing consider- 
able flexibility for displaying 
additional symbols and icons. 
Seven brightness 
levels provide 
versatility in adjusting the 
display intensity and power 
consumption. The HDSP-211X/- 
212X/-250X products are 
designed for standard micro- 
processor interface techniques. 
The display and special features 
are accessed through a bidirec- 
tional 8-bit data bus. 


HDSP-211XSeries 
HDSP-212XSeries 
~HDSP-250X 
Series 


Applications 
• Computer 
Peripherals 
• Industrial 
Instrumentation 
• Medical 
Equipment 
• Portable 
Data Entry 
Devices 
• Cellular 
Phones 
• Telecommunications 
Equipment 
• Test Equipment 


Character 
High Efficiency 
Font Height 
Set 
Red 
Orange 
Yellow 
Green 
0.2 inches 
ASCII 
HDSP-2112 
HDSP-2110 
HDSP-2111 
HDSP-2113 


0.2 inches 
Katakana* 
HDSP-2122 
- 
HDSP-2121 
HDSP-2123 


0.27 inches 
ASCII 
HDSP-2502 
HDSP-2500 
HDSP-2501 
HDSP-2503 


I·: 
. - 


++++++1 


I 
I 
I 


DDDDDDD8 


3 
~ 


9.8 


10.386) 


+ 


'--- 
2.64 (0.104) SYM. 


r 
19.58lor 


Pin No. 
Function 
Pin No. 
Function 


1 
RST 
15 
GND(SUPPlY) 


2 
FL 
16 
GND (LOGIC) 


3 .. 
17 
CE 


• 
A, 
,. 
AD 


5 
A, 
" 


O. 
• 
A, 
20 
0, 
7 
DO 
NOT 
CONNECT 
21 
NO PIN 
• 
DO NOT CONNECT 
22 
NO 
PIN 


• 
DO 
NOT 
CONNECT 
23 
0, 
,. 
A. 
24 
0, 


11 
eLS 
25 
o. 


12 
eLK 
26 
0, 


13 
ViR 
27 
O. 


14 
Voo 
2. 
0, 


IMAGE PLANE 


(FOR REFERENCE 
ONLY) 


2.01(0.08) 
0.25 (0.010) 
L 
--l 


rh?-------....u - -10 
J 
L"24j 


lid;'1 
SYM 
L(0.6001 


, -1~ 
1 
0.51 ± 0.13 
L 


4.79 
CiA (O.020±O.OOS) TY~ 


(O.189ISYM 


(g'19~) TYP. 


I 
t 
L2.54 ± 0.13 
TYP (NON.ACCUMj 


(0.100 
± 0.005) 


NOTES: 
,. 
DIMENSIONS 
ARE IN mm (INCHES). 


2. UNLESS OTHERWISE 
SPECIFIED, 
TOLERANCE 
ON ALL DIMENSIONS 
IS ± 0.25 
mm (0.010 INCH). 


3. FOR YELLOW 
AND GREEN DEVICES ONLY. 


4. MARKING 
IS ON SIDE OPPOSITE 
PIN 1. 


Absolute Maximum Ratings 
Supply 
Voltage, Voo to Ground[ll 
-0.3 to 7.0 V 
Operating 
Voltage, Voo to Ground[2l 
5.5 V 
Input Voltage, Any Pin to Ground 
-0.3 to Voo +0.3 V 
Free Air Operating 
Temperature 
Range, TA[3] 
-45°c to +85°c 
Storage Temperature 
Range, Ts 
-55°c to +100°C 
Relative 
Humidity 
(non-condensing) 
85% 


Maximum 
Solder Temperature 
(Below Seating 
Plane), t < 5 sec 
260°C 
ESD Protection 
@ 1.5 kn, 100 pF 
Vz = 4 kV (each pin) 


Notes: 
1. Msximum 
Voltage i9 with no LEDs illuminated. 
2. 20 dots ON in alllocation9 
at full brightne9s. 


3. Msximum 
9upply voltage is 5.25 V for operation 
above 70°C. 


ESD WARNING: 
STANDARD 
CMOS HANDLING 
PRECAUTIONS 
SHOULD 
BE OBSERVED 
TO 
AVOID STATIC 
DISCHARGE. 


5.08 
(0.200) 
TYP. 


DDDDDD 
2 
3 
4 
5 
6 
7 


PIN ONE IDENTIFIER 


PART NUMBER~ 
IL LUMINOUS 
INTENSITY 
CATEGORY 


DATE CODE ~ 
/r COLOR BIN (NOTE 3) 


LOGO~ 
[4] 
I~~COUNTRYOFORIGI~ 
n-----(~P.J HDSP-250X 
VZ; 
I ~ 
U 
YYWW 
COO 
. 
(0.260) 
L--tu~nn~~~~ 
r 
t 


~sYj' 
L' 
---lLO'A 0.51 :to.13 
TVP 
(0.749) 
(0.200:t 0.005) 


~ci~~:.~~005) TYP INON.ACCUM) 


NOTES: 
1. OtMENSIONS 
ARE IN mm (INCHES). 


2. UNLESS OTHERWISE 
SPECIFIED, 
TOLERANCE 
ON ALL DIMENSIONS 
IS:!: 0.25 
mm (0.010 INCH). 


3. 
FOR YEllOW 
AND GREEN 
DEVICES 
aNl 
Y. 


4. 
MARKING IS ON SIDE OPPOSITE 
PIN 1. 


3.91 
TV.] 
(0.154) 


r 
19.41J) 


Pin No. 
Function 
PinHo. 
Function 


1 
R5T 
15 
GNO(SUPP1.y) 
2 
IT 
,. 
~D(LOGIC) 
3 .. 
17 
CE 
• 
A, 
,. 
RD 


5 ., 
,. •• 
• 
A, 
20 
0, 


7 
00 NOT CONNECT 
2t 
NOPIH 
• 
DO NOT CONNECT 
22 
NO PIN 
• 
00 NOT CONNECT 
23 
0, 


10 .. 
" 
0, 


11 
CLS 
2S 
D. 


12 
CLK 
2. 
D. 


13 
WJi 
27 
D. 


" 


Voo 
28 
D, 


2.01 (0.079) 
IMAGE PLANE 


0.38 (0.015) 
(FOR REFERENCE ONLY) 
L 
~ 
gr-------~-r 
L j L 2.08 (0.082) 
5VM 


15.24 
(O.600) 
• 


. 
: 
. - 


Parameter 
Symbol 
Minimum 
Nominal 
Maximum 
Units 


Supply 
Voltage 
VDD 
4.5 
5.0 
5.5 
V 


Electrical Characteristics 
Over Operating Temperature 
Range (·45°Cto +85°C) 


4.5 V < VDD < 5.5 V, unless 
otherwise 
specified 


TA = 25°C 
·45°C < TA < + 85°C 
Voo = 5.0V 
4.5 V < Voo < 5.5 V 
Parameter 
Symbol 
Typ. 
Max. 
Min. 
Max. 
Units 
Test 
Conditions 


Input 
Leakage 
1m 
1.0 
!LA 
VIN= 0 to VDD, 
(Input 
without 
pullup) 
IlL 
·1.0 
pins CLK, Do-D7, 
Ao-A.t 


Input 
Current 
IIPL 
-11 
-18 
-30 
j.1A 
VIN= 0 to VDD, 
(Input 
with pull up) 
pins CLS, RST, 
WR, RD, CE, FL 


IDDBlank 
IDD(BLK) 
0.5 
3.0 
4.0 
mA 
VIN= VDD 


IDD8 digits 
IDD(V) 
200 
255 
330 
mA 
"V" on in all 8 
12 dotsicharacter[1.2J 
locations 


IDD8 digits 
IDD(#) 
300 
370 
430 
mA 
"#" on in all 
20 dotslcharacter!1.2.3.4) 
locations 


Input 
Voltage High 
"iH 
2.0 
VDD 
V 
+0.3 


Input 
Voltage Low 
"iL 
GND 
0.8 
V 
-0.3V 


Output 
Voltage High 
VOH 
2.4 
V 
VDD= 4.5 V, 
IOH= -40 !LA 


Output 
Voltage Low 
VOL 
0.4 
V 
VDD=4.5V, 
Do-D7 
IOL= 1.6mA 


Output 
Voltage Low 
VOL 
0.4 
V 
VDD=4.5V, 
CLK 
IOL= 40 !LA 


High Level Output 
IOH 
-60 
mA 
VDD=5.0V 
Current 


Low Level Output 
IOL 
50 
mA 
VDD=5.0V 
Current 


Thermal 
Resistance 
RllJ-c 
15 
°CfW 
IC Junction-to-Case 


Notes: 
1. Average 
100 measured 
at full brightness. 
See Table 
2 in Control 
Word Section 
for 100 at lower brightness 
levels. 
Peak 
100 = 28/15 x 100 (H). 
2. Maximum 
100 occurs 
at -55°C. 


3. Maximum 
Ioo(H) = 355 mA at Voo = 5.25 V and IC TJ = 150°C. 
4. Maximum 
Ioo(H) = 375 mA at Voo = 5.5 V and IC TJ = 150°C. 


Optical Characteristics 
at 25°CIl) 
VDD= 5.0 V at Full Brightness 


Luminous 
Intensity 
Peak 
Dominant 
Character 
Average 
(#) 
Wavelength 
Wavelength 
Part 
Iv (mcd) 
A. Peak 
A.d 
Description 
Number 
Min. 
Typ. 
(nm) 
(nm) 


HER 
HDSP-2112 
2.5 
7.5 
635 
626 
-2122 
-2502 


Orange 
HDSP-2110 
2.5 
7.5 
600 
602 
-2500 


Yellow 
HDSP-2111 
2.5 
7.5 
583 
585 
-2121 
-2501 


High 
HDSP-2113 
2.5 
7.5 
568 
574 
Performance 
-2123 
Green 
-2503 


AC Timing Characteristics 
Over Temperature 
Range (-45°Cto +85°C) 


4.5 V < VDD < 5.5 V, unless otherwise 
specified 


Reference 
Number 
Symbol 
Description 
Min.!!] 
Units 


1 
tACC 
Display Access Time 
Write 
210 
Read 
230 
ns 


2 
tACS 
Address Setup Time to Chip Enable 
10 
ns 


3 
teE 
Chip Enable Active Timel2, 31 
Write 
140 
Read 
160 
ns 


4 
tACH 
Address 
Hold Time to Chip Enable 
+ 
20 
ns 


5 
teER 
Chip Enable Recovery Time 
60 
ns 


6 
teES 
Chip Enable Active Prior to Rising Edge of[2,3] 
Write 
140 
Read 
160 
ns 


7 
teEH 
Chip Enable Hold Time to Rising Edge of 
ReadlWrite 
Signal[2,31 
0 
ns 


8 
tw 
Write Active Time 
100 
ns 


9 
twsu 
Data Write Setup Time 
50 
ns 


10 
tWH 
Data Write Hold Time 
20 
ns 


11 
tR 
Chip Enable Active Prior to Valid Data 
160 
ns 


12 
tRD 
Read Active Prior to Valid Data 
75 
ns 


13 
tDF 
Read Data Float Delay 
10 
ns 


tRC 
Reset Active Time[41 
300 
ns 


Notes: 
1. Worst case values occur at an Ie junction 
temperature 
of 150·C. 


2. 
For designers 
who do not need to read from the display, the Read line can be tied to VDD and the Write and Chip Enable 
lines can be tied together. 


3. Changing 
the logic levels of the Address lines when CE = "0" may cause erroneous 
data to be entered 
into the Character 
RAM, regardless 
of the logic levels of the WR and RD lines. 


4. 
The display 
must not be accessed until after 3 clock pulses (110 I!s min. using the internal 
refresh 
clock) after the rising edge 
of the reset line. 


AC Timing Characteristics 
Over Temperature 
Range (·45°Cto +85°C) 


4.5 V < VDD < 5.5 V, unless otherwise 
specified 


Symbol 
Description 
25°C Typ. 
Min.ll1 
Units 


Fosc 
Oscillator 
Frequency 
57 
28 
kHz 


FRF{2] 
Display Refresh Rate 
256 
128 
Hz 


FFL[31 
Character 
Flash Rate 
2 
1 
Hz 


tsr[41 
Self Test Cycle Time 
4.6 
9.2 
sec 


Notes: 
l.Worst 
case values 
occur at an IC junction 
temperature 
of 150aC. 
2.FRF = F osd224 
3.F FL = F OSC128.672 
4.tST = 262. 1441F asc 
• 


INPUT PULSE LEVELS: 
0.6 V TO 2.4 V 
OUTPUT 
REFERENCE 
LEVELS: 
0.6 V TO 2.2 V 
OUTPUT 
LOADING'" 
1 TTL 
LOAD 
AND 
100pFd 


Electrical Description 
Pin Function 
Description 


RESET (RST, pin 1) 
Initializes 
the display. 


FLASH (FL, pin 2) 
FL low indicates an access to the Flash RAM and is unaffected by the 
state of address lines A3-A4• 


Each location in memory has a distinct address. Address inputs (Ao-A2) 
select a specific location in the Character 
RAM, the Flash RAM or a 


particular 
row in the UDC (User-Defined Character) 
RAM. A3-A4 are 
used to select which section of memory is accessed. Table 1 shows the 
logic levels needed to access each section of memory. 


ADDRESS INPUTS 
(Ao-~, pins 3-6, 10) 


CLOCK SELECT 
(CLS, pin 11) 


CLOCKINPU~OUTPUT 
(CLK, pin 12) 


WRITE (WR, pin 13) 


DATA Bus (Do-D7, 
pins 19,20,23-28) 


GND (SUPPLy) (pin 15) 


GND (LOGIC) (pin 16) 


VDD (POWER) (pin 14) 


Section of Memory 
FL 
A4 
Aa 
A2Al~ 


Flash RAM 
0 
X 
X 
Char. Address 


UDC Address Register 
1 
0 
0 
Don't Care 


UDCRAM 
1 
0 
1 
Row Address 


Control Word Register 
1 
1 
0 
Don't Care 


Character 
RAM 
1 
1 
1 
Character 
Address 


Outputs the master clock (CLS = 1) or inputs a clock (CLS = 0) for slave 
displays. 


Data is written into the display when the WR input is low and the 
CE input is low. 


Must be at a logic low to read or write data to the display and must go 
high between each read and write cycle. 


Data is read from the display when the RD input is low and the CE 
input is low. 


Used to read from or write to the display. 


Analog ground for the LED drivers. 


Digital ground for internal logic. 


Positive power supply input. 


• 


, 
--=itfJ- 
UDC ADDR 
Fl 
EN 
REGISTER 


~ 
·ASCII Decoder tor HDSP·211X 1250X 
Series 
Katakana Decoder tor HDSP·212X Series 
- 
RD 


WR 
UDC 


00-01 
ADDR 


ClR 


PRE SET 


A,•..~- 
UDC 


Fl 
' 
I 


RAM 


CE_ 
EN 


RD 


WR 


DOT 
Do-D~ 
DATA 


A, 
Ao-A2 


•..- 
~ 
UDC ADDR 


Fl I 
' 
c--- 
ROW seT 


CE_ 
I 
8,8 


[fEN 


EN 
CHARACTER 
00-0] 
- 
DOT 


RD 
RAM 
Do-Os - 
DATA 
w- 
00-07 
0, 
EN 
ASCII 
DOT 
8 5 x 7 


Ao-A2 
DECODER 
DRIVERS 
- 
lED 
CHARACTERS 


" 
,.-- 
RESET 
'-- 
00-06 
FI __ 
CHAR 
ADDA 
DOT 
TIMING 
I-- 
ROW 
DATA 
~ 
SEl 
- 
L 
EN 
SELF 


AD 
FLASH 
TEST 
w- 
DATA 


Do 
FLASH 


Ao-A2 
RAM 
A 
RESET 
, 


A,-_ 
RESET 
. 
K1FL 


CONTROL 
CHAR 
WORD 
L 


ADDR 
~ 


REGISTER 
SElF 
SELF 
ROW DRIVERS 
0 I 
AD 
1 
INTENSITY 
TEST 
TEST 
TIMING 
kH 


IN 
WR 
2 
I 
00-07 
3 
VISUAL 


4 


BLINK 
TEST 


~ 


RESET 
SELF 
ROM 


SELF 
TEST 


SELF 
TEST 
TEST 
6 
TEST 
ClR 


RESULT 
7l 


START 


TE5~ l 


ClRl 
FLASH 


TEST 
OK 


CLR2 


A 
I - 


INTENSITY 
CHAR 
:u-= 


AODA 
EJ 


flASH 
TIMING 


BLINK 
AND 
ROW SET 


RESET 
CONTROL 


CLOCK 
TIMING 


Display Internal 
Block 
Diagram 
Figure 1shows the internal 
block diagram 
of the HDSP- 
211X1-212X1-250X 
displays. 
The 
CMOS IC consists 
of an 8 byte 


Character 
RAM, an 8 bit Flash 
RAM, a 128 character 
ASCII 
(Katakana) 
decoder, a 16 
character 
UDC RAM, a UDC 
Address Register, 
a Control 
Word Register, 
and refresh 


circuitry 
necessary 
to 
synchronize 
the decoding and 
driving of eight 5 x 7 dot matrix 
characters. 
The major user- 
accessible 
portions 
ofthe 
display are listed below: 


Character 
RAM 
This RAM stores either ASCII (Katakana) 
character 
data or a UDC 
RAM address. 


Flash RAM 
This is a 1x 8 RAM which stores Flash data. 


User-Defined 
Character 
RAM 
This RAM stores the dot pattern 
for custom characters. 


(UDCRAM) 


User-defined 
Character 
This register 
is used to provide the address 
to the UDC RAM when 
Address 
Register 
the user is writing or reading 
a custom character. 
(UDC Address 
Register) 


Control Word Register 
This register 
allows the user to adjust the display brightness, 
flash 
individual 
characters, 
blink, self test, or clear the display. 


Character 
Ram 
Figure 
2 shows the logic levels 


needed to access the 
HDSP-211X1-212X/-250X 
Character 
RAM. During a 
normal 
access, the CE = "0" and 


either RD = "0" or WR = "0". 
However, erroneous 
data may 


be written 
into the Character 
RAM if the address 
lines are 
unstable 
when CE = "0" 
regardless 
of the logic levels of 


the RD or WR lines. Address 
lines ~-A;, are used to select 
the location in the Character 
RAM. Two types of data can be 
stored in each Character 
RAM 


location: an ASCII (Katakana) 
code or a UDC RAM address. 
Data bit D7 is used to 
differentiate 
between 
the ASCII 


(Katakana) 
character 
and a 
UDC RAM address. 
D7 = 0 


enables the ASCII (Katakana) 
decoder and D7 = 1 enables 
the 
UDC RAM. Do-D6 are used to 
input ASCII (Katakana) 
data 


and Do-D3 are used to input a 
UDC address. 


UNDEFINED 


WRITE 
TO 
DISPLAY 


READ 
FROM 
DISPLAY 


UNDEFINED 


Fe 
A4 
A3 
.2 
.1 
.0 


~ 
CHARACTER I000 '" LEFT MOST 
L.L...LJ~_AD_D_RE_S_S_~ 111 = RIGHT MOST 


0 
128 ASCII CODE 


1 
X 
X 
x I 
UDC CODE 


1_: 
. - 


UDC RAM and UDC Address 
Register 
Figure 3 shows the logic levels 
needed to access the UDC RAM 
and the UDC Address Register. 
The UDC Address Register is 
eight bits wide. The lower four 
bits (Do-Da) are used to select 
one ofthe 16 UDC locations. 
The upper four bits (D4-D7) are 
not used. Once the UDC address 
has been stored in the UDC 
Address Register, the UDC 
RAM can be accessed. 


To completely specify a 5 x 7 
character, 
eight write cycles are 
required. 
One cycle is used to 
store the UDC RAM address in 
the UDC Address Register and 
seven cycles are used to store 
dot data in the UDC RAM. Data 
is entered by rows and one cycle 
is needed to access each row. 
Figure 4 shows the organization 
of a UDC character 
assuming 
the symbol to be stored is an 
"F". Ao-A".are used to select the 
row to be accessed and Do-D4 
are used to transmit 
the row dot 
data. The upper three bits (05- 
D7) are ignored. Do (least signif- 
icant bit) corresponds to the 
right most column of the 5 x 7 
matrix and D4 (most significant 
bit) corresponds to the left most 
column of the 5 x 7 matrix. 


Flash 
RAM 
Figure 5 shows the logic levels 
needed to access the Flash 
RAM. The Flash RAM has one 
bit associated with each location 
of the Character 
RAM. The 
Flash input is used to select the 
Flash RAM while address lines 
Aa-A4 are ignored. Address lines 
Ao-A".are used to select the loca- 
tion in the Flash RAM to store 
the attribute. 
Do is used to store 
or remove the flash attribute. 
Do = "1" stores the attribute 
and 
Do = "0" removes the attribute. 
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WRITE 
TO 
DISPLAY 
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DISPLAY 
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TO 
DISPLAY 
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FROM 
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A. 
A3 
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1 
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110 = ROW7 


07 
06 
05 
0. 
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Do 
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DOT DATA 


UDC RAM 
C 
C 


DATAFORMAT 
0 
0 
L 
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1; )( = DO NOT CARE 


C 
C 
C 
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0 
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~~~E 
D. 
0, 
0, 
0, 
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1 
1 
1 
1 
1 
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..... 
1F 
1 
0 
0 
0 
0 
ROW 2 
10 
1 
0 
0 
0 
0 
ROW3 
10 
1 
1 
1 
1 
0 
ROW4 
10 
1 
0 
0 
0 
0 
ROWS 
10 
1 
0 
0 
0 
0 
ROW6 
10 
1 
0 
0 
0 
0 
ROW7 
10 
IGNORED 


When the attribute 
is enabled 
through bit 3 of the Control 
Word and a "1" is stored in the 
Flash RAM, the corresponding 
character 
will flash at approxi- 
mately 2 Hz. The actual rate is 


dependent 
on the clock fre- 
quency. For an external clock 
the flash rate can be calculated 
by dividing the clock frequency 
by 28,672. 
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WRITE TO DISPLAY 


READ FROM DISPLAY 


UNDEFINED 


CONTROL 
SIGNALS 


FL 
A4 
A3 
A2 
A1 
AO 


~._C_HA_A_AC_T_EA_I 
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~ 
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111" RIGHT MOST 


UNDEFINED 


WRITE TO DISPLAY 


READ FROM DISPLAY 


UNDEFINED 


CONTROL 
SIGNALS 
Fl 
A.t 
A3 
A2 
A1 
AO 
ITEJ~_X 
~ 


CONTROL 
WORD ADDRESS 


02 
0, 
00 
REMOVE FLASH AT 
83 


0SPECIFIED DIGIT LOCATION 


1 
STORE FLASH AT 
SPECIFIED DIGIT LOCATION 


Control Word Register 
Figure 6 shows how to access 
the Control Word Register. This 
8-bit register performs five 
functions: Brightness 
control, 
Flash RAM control, Blinking, 
Self Test, and Clear. Each 
function is independent 
of the 
others; however, all bits are 
updated during each Control 
Word write cycle. 


Brightness 
(Bits 0-2) 
Bits 0-2 ofthe Control Word 
adjust the brightness 
of the 
display. Bits 0-2 are interpreted 
as a three bit binary code with 
code (000) corresponding to 
maximum brightness 
and code 
(111) corresponding to a 
blanked display. In addition to 
varying the display brightness, 
bits 0-2 also vary the average 
value of 100, 100 can be calcu- 
lated at any brightness 
level by 
multiplying the percent bright- 
ness level by the value of 100 at 
the 100% brightness 
level. 


These values ofIoo are shown 
in Table 2. 


Flash Function 
(Bit 3) 
Bit 3 determines whether the 
flashing character 
attribute 
is 
on or off. When bit 3 is a ''1'', the 
output of the Flash RAM is 
checked. If the content of a loca- 
tion in the Flash RAM is a "1", 
the associated digit will flash at 


o ] 
100 •• 
1 
80ot. 


o 
53% 


1 
40% 


o 
27% 


1 
2••• 


o 
13% 


1 
0 


BRIGHTNESS 
CONTROL 
lEVELS 


NORMAL OPERATION; x IS IGNORED 
START SELF TEST; RESULT GIVEN IN X 


X " 0 FAILED 
X '" 1 PASSED 


CONTROL WOAD DATA FORMAT 


0'" LOGIC 0; 1 '" LOGIC 1; X '" 00 
NOT CARE 
Figure 
6. Logic Levels to Access the Control 
Word 
Register 


Table 2. Current 
Requirements 
at 
Different 
Brightness 
Levels VDD = 5.0 V 


Current 
at 
% 
25°C 
Symbol 
.D2 
D1 
Do 
Brightness 
Typ. 
Units 
100(y) 
0 
0 
0 
100 
200 
mA 
0 
0 
1 
80 
160 
mA 
0 
1 
0 
53 
106 
mA 
0 
1 
1 
40 
80 
mA 
1 
0 
0 
27 
54 
mA 
1 
0 
1 
20 
40 
mA 
1 
1 
0 
13 
26 
mA 


approximately 2 Hz. For an 
external clock, the blink rate 
can be calculated by driving the 
clock frequency by 28,672. If the 
flash enable bit ofthe Control 
Word is a "0", the content ofthe 
Flash RAM is ignored. To use 
this function with multiple dis- 
play systems, see the Display 
Reset section. 


Blink Function 
(Bit 4) 
Bit 4 of the Control Word is used 
to synchronize blinking of all 
4-147 


eight digits of the display. When 
this bit is a "1" all eight digits of 
the display will blink at approx- 
imately 2 Hz. The actual rate is 
dependent on the clock fre- 
quency. For an external clock, 
the blink rate can be calculated 
by dividing the clock frequency 
by 28,672. This function will 
override the Flash function 
when it is active. To use this 
function with multiple display 
systems, see the Display Reset 
section. 


I·: 
. - 


Self Test Function 
(Bits 5, 6) 
Bit 6 of the Control Word Regis- 
ter is used to initiate the self 
test function. Results ofthe 
internal 
selftest 
are stored in 
bit 5 of the Control Word. Bit 5 
is a read only bit where bit 5 = 
"1" indicates a passed self test 
and bit 5 = "0" indicates a failed 
self test. 


Setting bit 6 to a logic 1 will 
start the self test function. The 
built-in self test function of the 
IC consists of two internal rou- 
tines which exercise major 
portions of the IC and illuminate 
all of the LEDs. The first routine 
cycles the ASCII (Katakana) 
decoder ROM through all states 
and performs a checksum on the 
output. If the checksum agrees 
with the correct value, bit 5 is 
set to "1".The second routine 
provides a visual test of the 
LEDs using the drive circuitry. 
This is accomplished by writing 
checkered and inverse checkered 
patterns 
to the display. Each 
pattern is displayed for approxi- 
mately 2 seconds. 


During the self test function the 
display must not be accessed. 
The time needed to execute the 
self test function is calculated by 
multiplying the clock period by 
262,144. For example, assume a 
clock frequency of 58 KHz, then 
the time to execute the self test 
function frequency is equal to 
(262,144/58,000) = 4.5 second 
duration. 


At the end of the self test func- 
tion, the Character RAM is 
loaded with blanks, the Control 
Word Register is set to zeros 
except for bit 5, the Flash RAM 
is cleared, and the UDC Address 
Register is set to all ones. 


Clear Function 
(Bit 7) 
Bit 7 of the Control Word will 
clear the Character RAM and 
the Flash RAM. Setting bit 7 to 
a "1" will start the clear func- 
tion. Three clock cycles (110 Jls 
minimum using the internal 
refresh clock) are required to 
complete the clear function. The 
display must not be accessed 
while the display is being 
cleared. When the clear function 
has been completed, bit 7 will be 
reset to a "0":The ASCII 
(Katakana) character code for a 
space (20H) will be loaded into 
the Character RAM to blank the 
display and the Flash RAM will 
be loaded with "O"s.The UDC 
RAM, UDC Address Register, 
and the remainder of the 
Control Word are unaffected. 


Display Reset 
Figure 7 shows the logic levels 
needed to Reset the display. The 
display should be Reset on 
Power-up. The external Reset 
clears the Character RAM, 
Flash RAM, Control Word and 
resets the internal counters. 
After the rising edge of the 
Reset signal, three clock cycles 
(110 JlSminimum using the 
internal refresh clock) are 
required to complete the reset 
sequence. The display must not 
be accessed while the display is 
being reset. The ASCII 
(Katakana) Character code for a 
space (20H) will be loaded into 
the Character RAM to blank the 


a - LOGIC 0; 1 
LOGIC 1; X :: DO NOT CARE 


NOTE: 
IF RST. CE AND WR AAE lOW. 
UNKNOWN 


DATA MAY BE WRITTEN 
INTO THE DISPLAY. 


Figure 
7. Logic Levels to Reset the 
Display. 


display. The Flash RAM and 
Control Word Register are 
loaded with all "O"s.The UDC 
RAM and UDC Address Regis- 
ter are unaffected. All displays 
which operate with the same 
clock source must be simultane- 
ously reset to synchronize the 
Flashing and Blinking 
functions. 


Mechanical and Elec- 
trical Considerations 
The HDSP-211X1-212X1-250X 
are 28 pin dual-in-line packages 
with 26 external pins. The 
devices can be stacked 
horizontally and vertically to 
create arrays of any size. The 
HDSP-211X1212X1250Xare 
designed to operate continu- 
ously from -45°C to +85°C with 
a maximum of 20 dots on per 
character at 5.25 V. Illuminating 
all thirty-five dots at full bright- 
ness is not recommended. 


The HDSP-211X1-212X1250X 
are assembled by die attaching 
and wire bonding 2&0LED 
chips and a CMOS IC to a 
thermally conductive printed 
circuit board. A polycarbonate 
lens is placed over the PC board 
creating an air gap over the 
LED wire bonds. A protective 
cap creates an air gap over the 
CMOS IC. Backfill epoxy 
environmentally 
seals the 
display package. This package 
construction makes the display 
highly tolerant to temperature 
cycling and allows wave 
soldering. 


The inputs to the IC are pro- 
tected against static discharge 
and input current latchup. How- 
ever, for best results standard 
CMOS handling precautions 
should be used. Prior to use, the 
HDSP-211X1-212X1250Xshould 
be stored in antistatic 
tubes or 


in conductive material. 
During 
assembly, a grounded conduc- 
tive work area should be used, 
and assembly personnel should 
wear conductive wrist straps. 
Lab coats made of synthetic ma- 
terial should be avoided since 
they are prone to static buildup. 
Input current latchup is caused 
when the CMOS inputs are sub- 
jected to either a voltage below 
ground (VIN < ground) or to a 
voltage higher than Voo (VIN > 
Voo) and when a high current is 
forced into the input. To prevent 
input current latchup and ESD 
damage, unused inputs should 
be connected either to ground or 
to Voo. Voltages should not be 
applied to the inputs until Voo 
has been applied to the display. 


Thermal 
Considerations 
The HDSP-211X1-212X1250X 
have been designed to provide a 
low thermal resistance 
path for 
the CMOS IC to the 26 package 
pins. Heat is typically conducted 
through the traces of the 
printed circuit board to free air. 
For most applications no addi- 
tional heatsinking 
is required. 


Measurements 
were made on a 
32 character 
display string to 
determine the thermal resis- 
tance ofthe display assembly. 
Several display boards were 
constructed using .062. in. thick 
printed circuit material, and 
one ounce copper .020 in. traces. 
Some of the device pins were 
connected to a heatsink 
formed 
by etching a copper area on the 
printed circuit board surround- 
ing the display. A maximally 
metalized printed circuit board 
was also evaluated. Thejunc- 
tion temperature 
was measured 
for displays soldered directly to 
these PC boards, displays 
installed in sockets, and finally 


displays installed in sockets 
witb a filter over the display to 
restrict airflow. The results of 
these thermal resistance 
measurements, 
R9J_A are shown 
in Table 3 and include the 
effects of R9J_c. 


Ground Connections 
Two ground pins are provided to 
keep the internal Ie logic 
ground clean. The designer can, 
when necessary, route the ana- 
log ground for the LED drivers 
separately from the logic ground 
until an appropriate 
ground 
plane is available. On long 
interconnections 
between the 
display and the host system, the 
designer can keep voltage drops 
on the analog ground from 
affecting the display logic levels 
by isolating the two grounds. 


The logic ground should be con- 
nected to the same ground 
potential as the logic interface 
circuitry. The analog ground 
and the logic ground should be 
connected at a common ground 
which can withstand 
the cur- 
rent introduced by the switching 
LED drivers. When separate 
ground connections are used, 
the analog ground can vary 
from -0.3 V to +0.3 V with re- 
spect to the logic ground. Volt- 
age below -0.3 V can cause all 


dots to be on. Voltage above 
+0.3 V can cause dimming and 
dot mismatch. 


Soldering and Post 
Solder Cleaning 
Instructions for the 
HDSP·211X/·212X/·250X 
The HDSP-211X1-212X1-250X 
may be hand soldered or wave 
soldered with SN63 solder. 
When hand soldering, it is 
recommended that an elec- 
tronically temperature 
con- 
trolled and securely grounded 
soldering iron be used. For best 
results, the iron tip temperature 
should be set at 315°C C600°F). 
For wave soldering, a rosin- 
based RMA flux can be used. 
The solder wave temperature 
should be set at 245°C ± 5°C 
(473°F ± 9°F), and the dwell in 
the wave should be set between 
1-1/2 to 3 seconds for optimum 
soldering. The preheat tempera- 
ture should not exceed 105°C 
(221°F) as measured 
on the 
solder side of the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. For solvent 
cleaning, Allied Chemical's 
Genesolv DES, Baron Blakes- 
lee's Blaco-Tron TES or 
DuPont's Freon TE may be 


Table 3. Thermal 
Resistance, 
9JA• Using Various 
Amounts 
of 
Heatsinking 
Material 


Heatsinking 
Metal 
W/Sockets 
W/O Sockets 
W/Sockets 
per Device 
W/O Filter 
W/O Filter 
WlFilter 
sq. in. 
(Avg.) 
(Avg.) 
(Avg.) 
Units 


0 
31 
30 
35 
°CIW 
1 
31 
28 
33 
°CIW 
3 
30 
26 
33 
°CIW 
Max. Metal 
29 
25 
32 
°CIW 


4 Board Avg 
30 
27 
33 
°CIW 


• 


-: 
. - 


used. These solvents are 
azeotropes of trichlorotrifluoro- 
ethane Fe-1l3 
with low concen- 
trations of ethanol (5%). The 
maximum exposure time in the 
solvent vapors at boiling tem- 
perature 
should not exceed 2 
minutes. 
Solvents containing 
high concentrations 
of alcohols 
such as methanol, ketones such 
as acetone, or chlorinated 
sol- 
vents should not be used as they 
will chemically attack the poly- 
carbonate lens. Solvents con- 
taining trichloroethylene 
(TCE), 
FC-111, FC-1l2, or trichloro- 
ethylane (TCA) are also not 
recommended. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kesterbio-kleen 
Formula 
5799 or its equivalent, 
may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connec- 
tions. The optimum water tem- 
perature 
is (WOC(140°F). The 
maximum cumulative exposure 
ofthe HDSP-211X/-212X/-250X 
to wash and rinse cycles should 
not exceed 15 minutes. For 
additional information 
on 


soldering and post solder clean- 
ing, see Application Note 1027, 
Soldering 
LED Components. 


Contrast Enhancement 
The objective of contrast 
enhancement 
is to provide good 
readability 
in a variety of 
ambient lighting conditions. For 
information 
on contrast 
enhancement 
see Application 
Note 1015, Contrast Enhance- 
ment Techniq~s 
for LED 
Displays. 


8 Character 5mm Smart 
Alphanumeric 
Displays 


Features 
• XYStackable 
• 128 Character 
ASCII 
Decoder 


• Programmable 
Functions 


• 16 User Definable 


Characters 


• Multi-Level Dimming and 


Blanking 


• TTL Compatible 
CMOS IC 


• Wave Solderable 


Applications 
• Avionics 
• Computer 
Peripherals 


• Industrial 
Instrumentation 


• Medical Equipment 
• Portable 
Data Entry 
Devices 


• Telecommunications 
• Test Equipment 


Device Selection Guide 


AlGaAsRed 


HDSP-2534 


Description 
The HDSP-253X is ideal for 
applications where displaying 
eight or more characters of dot 
matrix information in an 
aesthetically pleasing manner is 
required. These devices are 
eight-digit,5 
x 7 dot matrix, 
alphanumeric 
displays. The 5.0 
mm (0.2 inch) high characters 
are packaged in a 0.300 mm 
(7.62 inch) 30 pin DIP. The on- 
board CMOS IC has the ability 
to decode 128 ASCII characters, 
which are permanently 
stored 


in ROM. In addition, 16 pro- 
grammable symbols may be 
stored in on-board RAM. Seven 
brightness levels provide versa- 
tility in adjusting the display 
intensity and power consump- 
tion. The HDSP-253X is 
designed for standard micro- 
processor interface techniques. 
The display and special features 
are accessed through a bidirec- 
tional eight-bit data bus. 


Fhfi'J 
HEWLETT 
~r~ PACKARD 
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2.68 (0.105) SYM'j 


, 
, 
115.36 
(0.211)TYP. 


I 
~ 
r 
5 -f}-8 l 
11.43(0.'50) MAX. 


2.29 
l 
O.09OSYM. 


PINS FUNCTION 
PINS 
FUNCTION 


1 
RST 
16 
GND(SUPPlY) 


2 
l'L 
17 
THERMAL TEST 
3 
Ao 
18 
GND(lOGIC) 
• 
A, 
19 
AD 
5 
A2 
20 
110 
6 
A3 
21 
0, 
7 
NO PIN 
22 
NO PIN 
8 
NO PIN 
23 
NO PIN 
9 
NO PIN 
2' 
NO PIN 
10 
A. 
25 ~ 
11 
ClS 
26 
~ 
12 
ClK 
27 
Do 
13 
WR 
28 
05 
14 
CE 
29 
Os 
15 
Voo 
30 
0, 


0.25 


~~ 
~ 


ft:'~~SYM 
~PlNS15 
PINS15 
'I 
'IPlNS16 


3.81SYM 
- 
(O.1SO) 
I 
I 


I 
I 
10.16 
I 
I 
I 


2.5•• 
0.13 TYP. 
I I. 
(Q.4oo) .1 
(O~~:; 
~:~5)TYP. 
_ 
7.62 
(0.100± 0.005) 
---+l 
(0.300) 
(TOL NON ACCUM.) 


NOTES: 
1. DIMENSIONSARE IN MM (INCHES). 
2. UNLESSOTHERWISESPECIFIED,TOLERANCE ON DIMENSIONSIS ± 0.25MM (0.010 IN.). 
3. FORYEUOW AND GREEN DISPLAYS ONLY. 
•. 
MARKING IS ON SIDE OPPOSITE PIN 1. 


Absolute Maximum Ratings 
Supply Voltage, VDD to Ground[ll 
·0.3 V to 7.0 V 
Operating 
Voltage, VDD to Ground[21 
5.5 V 
Input Voltage, Any pin to Ground 
·0.3 V to VDD +0.3 V 
Free Air Operating 
Temperature 
Range, TA[31 
·40°C to + 85°C 
Relative 
Humidity 
(non· condensing) 
85% 
Storage Temperature 
Range, Ts 
-55°C to 100°C 
Maximum 
Solder Temperature 
1.59 mm (0.063 in.) Below Seating 
Plane, t< 5 sec 
260°C 
ESD Protection 
@ 1.5 kil, 100 pF 
.4 k V (each pin) 


Notes: 
1. Maximum 
Voltage is with no LEDs illuminated. 


2. 20 dots ON in all locations 
at full brightnes8. 


3. See Thermal 
Considerations 
section for information 
about operation 
in high 


temperature 
ambients. 


ESD WARNING: 
NORMAL 
CMOS HANDLING 
PRECAUTIONS 
SHOULD BE OBSERVED 
TO AVOID STATIC DISCHARGE. 


Optical Characteristics 
at 25°C[ll 
VDD = 5.0 V at Full Brightness 


Luminous 
Intensity 
Character 
Average 
(#) 
Peak 
Dominant 
Iv (mcd) 
Wavelength 
Wavelengthl21 


APEAK 
(nm) 
Act (nm) 
LED Color 
Part 
Number 
Min. 
Typ. 
Typ. 
Typ. 


AlGaAsRed 
HDSP-2534 
5.1 
25 
645 
637 


High Eft'. Red 
HDSP-2532 
2.5 
7.5 
635 
626 


Orange 
HDSP-2530 
2.5 
7.5 
600 
602 


Yellow 
HDSP-2531 
2.5 
7.5 
583 
585 


Green 
HDSP-2533 
2.5 
7.5 
568 
574 


Notes: 
1. Refers to the initial 
case temperature 
of the device immediately 
prior to measurement. 


2. Dominant 
wavelength, 
A.d'is derived from the eIE 
chromaticity 
diagram, 
and represents 
the single wavelength 
which defines 
the color of the device. 
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Recommended Operating Conditions 


Parameter 
Symbol 
Minimum 


Supply Voltage 
VDD 
4.5 


Electrical Characteristics 
Over Operating Temperature Range 
4.5 < VDD < 5.5 (unless otherwise specified) 


25°C 
25°C 
Parameter 
Symbol 
Min. 
TypJI] 
MaxJl] 
Max. 
Units 
Test 
Conditions 


Input 
Leakage 
II 
-1.0 
1.0 
1IA 
VIN= 0 to VDD,pins CLK, 


(Input 
without 
pull-up) 
Do-D7,Ao-~ 


Input 
Current 
lIP 
-30 
-11 
'-18 
0 
1IA 
Yrn..:= 0 to Yw. pins CLS, 


(Input 
with pull-up) 
RST,~,RD,CE,FL 


IDDBlank 
IDD(BL) 
0.5 
3.0 
4.0 
mA 
VIN= VDD 


IDD8 digits 12 dotslchar[2,3,4J 
IDD(V) 
230 
295 
390 
mA 
"V" on in all 8 locations 
(AlGaAs) 


IDD8 digits 20 dotslchar[2,3,4J 
IDD(#) 
330 
410 
480 
mA 
"#" on in all 8 locations 
(AlGaAs) 


IDD8 digits 12 dotslchar[2,3,4J 
IDD(V) 
200 
255 
330 
mA 
"V" on in all 8 locations 


(all colors except AlGaAs) 


IDD8 digits 20 dotslchar[2,3,4J 
IDO(#) 
300 
370 
430 
mA 
"#" on in all 8 locations 


(all colors except AlGaAs) 


Input 
Voltage High 
VIH 
2.0 
VDD 
V 
+0.3V 
, 


Input 
Voltage Low 
V1L 
GND 
V 
-0.3 V 


Output 
Voltage 
High 
VOH 
2.4 
V 
Voo = 4.5 V, IOH= -40 1IA 


Output 
Voltage Low 
VOL 
0.4 
V 
Voo = 4.5 V, IOL= 1.6 mA 


Do-D7 


Output 
Voltage Low 
VOL 
0.4 
V 
VDD= 4.5 V, IoL = 40 1IA 
CLK 


Thermal 
Resistance 
IC 
R8J_PIN 
16 
°CfW 
Measured 
at pin 17 
Junction-to-PIN 


Notes: 
1. Voo = 5.0 V. 
2. See Thermal 
Considerations 
Section 
for information 
about 
operation 
in high temperature 
ambients. 


3. Average 
100 measured 
at full brightness. 
See Table 
2 in Control 
Word Section 
for 100 at lower brightness 
levels. 


Peak 
100 = 28/15 x 100(*), 
4. Maximum 
100 occurs 
at -55°C. 


AC Timing Characteristics 
Over Temperature Range 
VDD = 4.5 to 5.5 V unless otherwise 
specified. 


Reference 
Number 
Symbol 
Description 
MinPJ 
Units 


1 
tACC 
Display Access Time 
Write 
210 
Read 
230 
ns 


2 
tACS 
Address 
Setup Time to Chip Enable 
10 
ns 


3 
tCE 
Chip Enable Active Timel" 
3] 
Write 
140 
Read 
160 
ns 


4 
tACH 
Address Hold Time to Chip Enable 
20 
ns 


5 
tCER 
Chip Enable Recovery Time 
60 
ns 


6 
tCES 
Chip Enable Active Prior to Rising Edge of12•3) 
Write 
140 
Read 
160 
ns 


7 
tCEH 
Chip Enable Hold Time to Rising Edge of 
ReadlWrite 
Signall2,3) 
0 
ns 


8 
tw 
Write Active Time 
100 
ns 


9 
two 
Data Valid Prior to Rising Edge of Write Signal 
50 
ns 


10 
toH 
Data Write Hold Time 
20 
ns 


11 
~ 
Chip Enable Active Prior to Valid Data 
160 
ns 


12 
~o 
Read Active Prior to Valid Data 
75 
ns 


13 
tor 
Read Data Float Delay 
10 
ns 


~ 
Reset Active Timel<] 
300 
ns 


Notes: 
1. Worst case values 
occur at an IC junction 
temperature 
of 125°C. 


2. For designers 
who do not need to read from the display, 
the Read line can be tied to Voo and the Write and Chip Enable 
lines 
can be tied together. 
3. Changing 
the logic levels of the Address 
lines when CE = "0" may cause erroneous 
data to be entered 
into the Character 
RAM, 


regardless 
of the logic levels of the WR and RD lines. 
4. The display must 
not be accessed until 
after 3 clock pulses (110 I'B min. using the internal 
refresh 
clock) after the rising edge of 
the reset line. 


Symbol 
Description 
25°C Typical 
Minimum(1) 
Units 


Fosc 
Oscillator 
Frequency 
57 
28 
kHz 
FRp5l 
Display Refresh Rate 
256 
128 
Hz 
FFL[6l 
Character 
Flash Rate 
2 
1 
Hz 
tST(7) 
Self Test Cycle Time 
4.6 
9.2 
sec 


Notes: 
5. FRY= F0ad224. 
6. F YL= F oad28,672. 
7. tsT = 262,1441Fosc' 


I 


CD 


® 
CD 


CD 


® 
CD 
@ 


@ 
@ 


INPUT 
PULSE 
LEVELS: 
0.6 V TO 2.4 V 
OUTPUT 
REFERENCE 
LEVELS: 
0.6 V TO 2.2 V 
OUTPUT 
LOADING" 
, Tll 
lOAD 
AND 
lOOpF 


RESET (RST, pin 1) 


FLASH (FL, pin 2) 


ADDRESS 
INPUTS 


(Ao-~, pins 3-6, 10) 


CLOCK SELECT 
(CLS, pin 11) 


CLOCKINPUT/OUTPUT 
(CLK, pin 12) 


WRITE (WR, pin 13) 


DATA Bus (Do-D7, 
pins 20, 21, 25-30) 


GND (SUPPLy) 
(pin 16) 


GND (LOGIC) (pin 18) 


VDD (POWER) (pin 15) 


Thermal 
Test (pin 17) 


Description 


Reset initializes 
the display. 


FL low indicates 
an access to the Flash RAM and is unaffected 
by the 
state of address 
lines A.,.-A•. 


Each location in memory has a distinct 
address. 
Address 
inputs 
(Ao-A2) 


select a specific location in the Character 
RAM, the Flash RAM or a 
particular 
row in the UDC (User-Defined 
Character) 
RAM. A3-~ 
are 
used to select which section of memory is accessed. Table 1 shows the 
logic levels needed to access each section of memory. 


Table 1. Logic Levels to Access Memory 


FL 
~ 
A3 
Section of Memory 
A2AlAo 


0 
X 
X 
Flash RAM 
Character 
Address 


1 
0 
0 
UDC Address Register 
Don't Care 


1 
0 
1 
UDCRAM 
Row Address 


1 
1 
0 
Control Word Register 
Don't Care 


1 
1 
1 
Character 
RAM 
Character 
Address 


Outputs 
the master 
clock (CLS = 1) or inputs 
a clock (CLS = 0) for slave 


displays. 


Data is written 
into the display when the WR input is low and the 


CE input is low. 


This input must be at a logic low to read or write data to the display and 
must go high between 
each read and write cycle. 


Data is read from the display when the RD input is low and the CE 
input is low. 


The Data bus is used to read from or write to the display. 


This is the analog ground for the LED drivers. 


This is the digital ground for internal 
logic. 


This is the positive power supply input. 


This pin is used to measure 
the IC junction 
temperature. 


Do not connect. 


• 


. 
:. - 


, 
r-:=idJ- 
UDe ADDR 
FL 
EN 
REGISTER 
~ 


RD 


WR 
UDe 
00-01 
AODR 


eLA 


PRE SET 


A, 
;~-~ 


UDe 
I 
AAM 


eE~_ 
EN 


AD 


WR 
DOT 
Do-D. 
DATA 


A, 


Ao-A2 


A,_ 
'---- 
UDe 
ADDR 


FL I 
"' 
- 
ROW SET 


eE_ 
I 
8x8 
If 


EN 
EN 
CHARACTER 
00-°3 
>---- 
DOT 


RD 
RAM 
00-06 - 
DATA 


\VA 
00-07 
0, 
EN 
8 5 x 7 
DOT 
f-- 
LED 
Ao-A2 
DECODER 
(-) 
DRIVERS 
CHARACTERS 


- 
RESET 
l-- 
00-06 
FL:_ 
CHAR 
ADDR 
DOT 
TIMING 


eQ 
"' 
I--- 
AOW 
DATA 
SEL 


I 
~•....••. 
L 
EN 
SelF 
AD 
FLASH 
TEST 


WA 
DATA 


Do 
FLASH 


Ao-A2 
RAM 


A, 
. 
RESET 
RESET 
A,-_ 
CONTROL 
CHAR 
1t1~ 
WORD 
L 
SElF 


ADDR 


~ 


REGISTER 
SELF 
ROW DAIVERS 
~ 
EN 
0 -, 
INTENSITY 
TEST 
TEST 
RD 
1 k 


IN 
I TIMING 
\VA 
2 


00-01 
3 
VISUAL 


4 
BLINK 
TEST 
-;:::D- 
RESET 
SElF 


ROM 
SelF 
TEST 


SELF 
TEST 
I 


TEST 
6 
TEST 
eLA 


RESULT 
7 l 


START 


TEg~ l 


CLRl 
FLASH 


I 
TEST 
OK 
I 
I 
CLR2 


A 
L:D- 
INTENSITY 


CHAR 
ADDR 
a 


- 
FLASH 
TIMING 


-BLINK 
AND 
ROW SET 


RESET 
CONTROL 


CLOCK 
TIMING 


Display Internal 
Block 
Diagram 
Figure 
1 shows the internal 
block diagram 
of the HDSP- 
253X display. The CMOS IC 
consists of an 8 byte Character 


RAM, an 8 bit Flash RAM, a 
128 character 
ASCII decoder, a 
16 character 
UDC RAM, a UDC 
Address Register, 
a Control 
Word Register 
and the refresh 
circuitry 
necessary 
to 
synchronize 
the decoding and 


driving of eight 5 x 7 dot matrix 
characters. 
The major user 
accessible 
portions 
of the 


display are listed below: 


Flash RAM 


User-Defined 
Character 
RAM 


(UDCRAM) 


User-defined 
Character 
Address 
Register 


(UDC Address 
Register) 


Control Word Register 


This RAM stores either ASCII character 
data or a UDC RAM 
address. 


This is a 1 x 8 RAM which stores Flash data. 


This RAM stores the dot pattern 
for custom characters. 


This register 
is used to provide the address 
to the UDC RAM 
when the user is writing or reading 
a custom character. 


This register 
allows the user to adjust the display brightness, 


flash individual 
characters, 
blink, self test or clear the display. 


Character 
Ram 
Figure 2 shows the logic levels 
needed to access the 
HDSP-253X Character 
RAM. 


During a normal access the CE 
= "0" and either RD = "0" or WR 
= "0". However, erroneous 
data 
may be written 
into the 
Character 
RAM if the Address 
lines are unstable 
when CE = 


"0" regardless 
of the logic levels 
of the RD or WR lines. Address 
lines Ao-A2 are used to select 
the location in the Character 
RAM. Two types of data can be 
stored in each Character 
RAM 
location: an ASCII code or a 
UDC RAM address. 
Data bit D7 


is used to differentiate 
between 


the ASCII character 
and a UDC 
RAM address. 
D7 = 0 enables 


the ASCII decoder and D7 = 1 
enables the UDC RAM. Do-D6 
are used to input ASCII data 
and Do-D3 are used to input a 
UDC address. 


UNDEFINED 


WRITE 
TO 
DISPLAY 


READ 
FROM 
DISPLAY 


UNDEFINED 


IT 
A. 
A3 
A2 
Al 
Ao 


~~-C-HA-R-AC-T-ER-I 
000 
lEFT MOST 


~ 
__ 
AD_D_R_ES_S 
__ 
111 
RIGHT MOST 


0 
128 ASCII CODE 


1 
X 
X 
x I 
uoc CODE 


I·: 
. - 


UDC RAM and UDC Address 
Register 
Figure 3 shows the logic levels 
needed to access the UDC RAM 
and the UDC Address Register. 
The UDC Address Register is 
eight bits wide. The lower four 
bits (Do-Da)are used to select 
one ofthe 
16 UDC locations. 


The upper four bits (D4-D7) are 
not used. Once the UDC address 
has been stored in the UDC 
Address Register, the UDC 
RAM can be accessed. 


To completely specify a 5 x 7 
character 
requires eight write 


cycles. One cycle is used to store 
the UDC RAM address in the 
UDC Address Register. Seven 
cycles are used to store dot data 
in the UDC RAM. Data is 
entered by rows. One cycle is 
needed to access each row. 
Figure 4 shows the organization 
of a UDC character 
assuming 
the symbol to be stored is an 
"F". Ao-A2 are used to select the 
row to be accessed and Do-D4 
are used to transmit 
the row dot 
data. The upper three bits (Ds- 
D7) are ignored. Do (least signif- 
icant bit) corresponds to the 
right most column of the 5 x 7 
matrix and D4 (most significant 
bit) corresponds to the left. most 
column of the 5 x 7 matrix. 


Flash 
RAM 
Figure 5 shows the logic levels 
needed to access the Flash 
RAM. The Flash RAM has one 
bit associated with each location 
of the Character 
RAM. The 
Flash input is used to select the 
Flash RAM. Address lines Aa-~ 
are ignored. Address lines Ao-A2 
are used to select the location in 
the Flash RAM to store the 
attribute. 
Do is used to store or 
remove the flash attribute. 
Do = 
"1" stores the attribute 
and Do = 


"0" removes the attribute. 


• 
• 
• 


1 
1 
0 


1 
• 


1 
1 


UNDEFINED 


WRITE 
TO 
DISPLAY 


READ 
FROM 
DISPLAY 


UNDEFINED 


x I 
UDC 
CODe 
-~ 


UNDEFINED 


WRITE TO DISPlAV 


READ 
FROM 
DISPLAY 


UNDEFINED 


Fl 
A" 
.3 
"'2 
.1 
Ao 
r:T:T":I 
I 000:: ROW 1 
L...L...L...J __RO_W_SE_L_EC_T_ 110 _ ROW 7 


07 
06 
05 
D4 
D3 
02 
01 
Do 
I 
x 
x I 
OOT DATA 


UDC RAM 
C 
C 
DATAFORMAT 
0 
0 
L 
L 


1 
S 


o :: LOGIC 
0; 1 '" LOGIC 
1; X :: DO NOT CARE 


C 
C 
C 
C 
C 


0 
0 
0 
0 
0 


L 
L 
L 
L 
L 
1 
2 
3 
4 
5 
UOC 
HEX 


0" 03 02 0, 
00 
CHARACTER 
CODe 
1 
1 , 
1 
1 
ROWl 
IF 


1 • • • • 
RQW2 
I. 
1 • • • • 
AQW3 
,. 
, 
1 
1 
1 • 
RDW4 
IE 


1 • • • • 
ROWS 
,. 


1 • • • • 
ROW6 
I. 


1 • • • • 
ROW7 
I. 


IGNORED 


When the attribute 
is enabled 
through bit 3 ofthe Control 
Word and a "1" is stored in the 
Flash RAM, the corresponding 
character 
will flash at approxi- 
mately 2 Hz. The actual rate is 


dependent 
on the clock fre- 
quency. For an external clock 
the flash rate can be calculated 
by dividing the clock frequency 
by 28,672. 


UNDEFINED 


WRITE TO DISPLAY 


READ FROM DISPLAY 


UNDEFINED 


FL 
A. 
A3 
A2 
A, 
AO 
r:-r-:-T:l 
CHARACTER I000 
= LEFT MOST 
~ 
__ 
A_OO_A_ES_S 
__ 
111 = RIGHT MOST 


UNDEFINED 


WRITE TO DISPLAY 


READ FROM DISPLAY 


UNOEFINED 


0, 
8300 
REMOVE FLASH AT 


~ 
:~~~~~L~~~G~~ 
LOCATION 


, 
SPECIFIED DIGIT LOCATION 


Control Word Register 
Figure 6 shows how to access 
the Control Word Register. This 
is an eight bit register which 
performs five functions. They 
are Brightness control, Flash 
RAM control, Blinking, Self 
Test and Clear. Each function is 
independent 
of the others. How- 
ever, all bits are updated during 
each Control Word write cycle. 


Brightness 
(Bits 0-2) 
Bits 0-2 ofthe Control Word 
adjust the brightness 
of the 
display. Bits 0-2 are interpreted 
as a three bit binary code with 
code (000) corresponding to 
maximum brightness 
and code 
(111) corresponding to a 
blanked display. In addition to 
varying the display brightness, 
bits 0-2 also vary the average 
value ofIoo. 100 can be calcu- 
lated at any brightness 
level by 
multiplying the percent bright- 
ness level by the value of 100 at 
the 100% brightness 
level. 


These values ofIoo are shown 
in Table 2. 


Flash Function 
(Bit 3) 
Bit 3 determines whether the 
flashing character attribute 
is 
on or off. When bit 3 is a "1", the 
output of the Flash RAM is 
checked. If the content of a loca- 
tion in the Flash RAM is a ''1"', 
the associated digit will flash at 


o 
] 
100'" 
1 
.0"0 


o 
53% 


1 
•••• 


o 
27"'- 


1 
200t. 


o 
13% 


1 
0 


BRIGHTNESS 
CONTROL 
LEVELS 


DISABLE 
BLINKING 
ENABLE BLINKING 


NORMAL 
OPERATION; 
X IS IGNOREO 
START SELF TEST; RESULT GIYEN IN X 


X = 0 FAILED 
X = 1 PASSED 


Table 2. Current 
Requirements 
at Different 
Brightness 
Levels for All Colors Except AlGaAs 


% 
VDO = 5.0V 
Symbol 
D2 
D1 
Do 
Brightness 
25°CTyp. 
Units 


100 (V) 
0 
0 
0 
100 
200 
rnA 
0 
0 
1 
80 
160 
rnA 
0 
1 
0 
53 
106 
rnA 
0 
1 
1 
40 
80 
rnA 
1 
0 
0 
27 
54 
rnA 
1 
0 
1 
20 
40 
rnA 
1 
1 
0 
13 
26 
rnA 


approximately 2 Hz. For an 
external clock, the blink rate 
can be calculated by dividing 
the clock frequency by 28,672. If 
the flash enable bit ofthe 
Control Word is a "0", the 
content ofthe Flash RAM is 
ignored. To use this function 
with multiple display systems 
see the Reset section. 


Blink Function 
(Bit 4) 
Bit 4 ofthe Control Word is 
used to synchronize blinking of 


4-161 


all eight digits of the display. 
When this bit is a 'T' all eight 
digits ofthe display will blink at 
approximately 
2 Hz. The actual 
rate is dependent on the clock 
frequency. For an external 
clock, the blink rate can be 
calculated by dividing the clock 
frequency by 28,672. This 
function will override the Flash 
function when it is active. To 
use this function with multiple 
display systems see the Reset 
section. 


• 


-: 
. - 


Self Test Function 
(Bits 5, 6) 
Bit 6 of the Control Word Regis- 
ter is used to initiate the self 
test function. Results ofthe 
internal 
self test are stored in 
bit 5 ofthe Control Word. Bit 5 
is a read only bit where bit 5 = 
"1" indicates a passed self test 
and bit 5 = "0" indicates a failed 
self test. 


Setting bit 6 to a logic 1 will 
start the self test function. The 
built-in self test function of the 
IC consists oftwo internal 
rou- 
tines which exercises major 
portions of the IC and illumin- 
ates all of the LEDs. The first 
routine cycles the ASCII 
decoder ROM through all states 
and performs a checksum on the 
output. If the checksum agrees 
with the correct value, bit 5 is 
set to "1". The second routine 
provides a visual test of the 
LEDs using the drive circuitry. 
This is accomplished by writing 
checkered and inverse 
checkered patterns 
to the 
display. Each pattern 
is 
displayed for approximately 
2 
seconds. 


During the self test function the 
display must not be accessed. 
The time needed to execute the 
self test function is calculated 
by multiplying 
the clock period 
by 262,144. For example, 
assume a clock frequency of 58 
KHz, then the time to execute 
the self test function frequency 
is equal to (262,144158,000) 
= 
4.5 second duration. 


At the end of the self test func- 
tion, the Character 
RAM is 
loaded with blanks, the Control 
Word Register is set to zeros 
except for bit 5, and the Flash 
RAM is cleared and the UDC 
Address Register is set to all 
ones. 


Clear Function 
(Bit 7) 
Bit 7 ofthe Control Word will 
clear the Character 
RAM and 
the Flash RAM. Setting bit 7 to 
a "1" will start the clear func- 
tion. Three clock cycles (110 IlS 
min. using the internal 
refresh 
clock) are required to complete 
the clear function. The display 
must not be accessed while the 
display is being cleared. When 
the clear function has been com- 
pleted, bit 7 will be reset to a 
"0". The ASCII character 
code 
for a space (20H) will be loaded 
into the Character 
RAM to 
blank the display and the Flash 
RAM will be loaded with "O"s. 
The UDC RAM, UDC Address 
Register and the remainder 
of 
the Control Word are 
unaffected. 


Display Reset 
Figure 7 shows the logic levels 
needed to Reset the display. The 
display should be Reset on 
Power-up. The external Reset 
clears the Character 
RAM, 


Flash RAM, Control Word and 
resets the internal counters. 
After the rising edge ofthe 
Reset signal, three clock cycles 
(110 liS min. using the internal 
refresh clock) are required to 
complete the reset sequence. 
The display must not be 
accessed while the display is 
being reset. The ASCII 
Character 
code for a space (20H) 
will be loaded into the 
Character 
RAM to blank the 


0" 
LOGIC 
Q; 1 " lOGIC 
1; X " DO NOT CARE 


NOTE: 
IF RST, CE AND WA ARE LOW, UNKNOWN 
DATA MAY BE WRITTEN 
INTO THE DISPLAY. 


display. The Flash RAM and 
Control Word Register are 
loaded with all "O"s.The UDC 
RAM and UDC Address 
Register are unaffected. All 
displays which operate with the 
same clock source must be 
simultaneously 
reset to 
synchronize the Flashing and 
Blinking functions. 


Mechanical 
Considerations 
The HDSP-253X is assembled 
by die attaching 
and wire bond- 


ing 280 LED chips and a CMOS 
IC to a thermally 
conductive 
printed circuit board. A 
polycarbonate 
lens placed over 
the pcb creates an air gap over 
the LED wire bonds. A backfill 
epoxy seals the display package. 


Figure 8 shows the proper 
method to insert the display by 
hand. To prevent damage to the 
LED wire bonds, apply pressure 
uniformly with fingers located 
at both ends of the part. Using a 
tool, shown in Figure 9, such as 
a screwdriver or pliers to push 
the display into the printed 
circuit board or socket may 
damage the LED wire bonds. 
The force exerted by a screw- 
driver is sufficient to push the 
lens into the LED wire bonds. 
The bent wire bonds cause 
shorts or opens that result in 
catastrophic 
failure ofthe 
LEDs. 


Thermal 
Considerations 
The HDSP-253X can operate 
from -40°C to +85°C. The 
display's low thermal 
resistance 
allows heat to flow from the 
CMOS IC to the 24 package 
pins. Typically, this heat is 
conducted through the printed 


circuit board traces to free air. 
For most applications, 
no 
additional heatsinking 
is 
needed. Illuminating 
all 280 
LEDs simultaneously 
at full 
brightness 
is not recommended 
for continuous operation. How- 
ever, all 280 LEDs can be 
illuminated 
simultaneously 
at 


full brightness 
for 10 seconds at 
25°C as a lamp test. 


The IC has a maximum allow- 
able junction temperature 
of 
150°C. The IC junction tempera- 
ture can be calculated with the 
following equation: 


TJMAX = TA+ (Po x RaJ-A) 


TJMAX is the maximum allow- 
able IC junction temperature. 
TAis the ambient temperature 
surrounding 
the display. 


Po is the power dissipated by 
the IC. 
R9J_Ais the thermal resistance 
from the IC through the display 
package and printed circuit 
board to the ambient. 


A typical value for R9J_Ais 
39°CIW. This value is typical for 
a display mounted in a socket 
and covered with a plastic filter. 
The socket is soldered to a 0.062 
in. thick printed circuit board 
with 0.020 in. wide one-ounce 
copper traces. 


Po can be calculated as follows: 


Po = Voo X 100 
Voo is the supply voltage and 
100 is the supply current. 
Voo can vary from 4.5 V to 5.5 V. 
100 changes with Voo, 
temperature, 
brightness 
level, 
and number of on-pixels. 


ForAlGaAs 


100 (#) = (83.8 x Voo -0.35 x TJ) 
x B x N/8 


Ioo(V) = (63 x Voo -0.79 x TJ) x 
B x N/8 


For the other colors 


100 (#) = (75.4 x Voo -0.28 x TJ) 
x B x N/8 


Ioo(V) = (54 x Voo -0.6 x TJ) x B 
xN/8 


I 


100 (I) is the supply current 
using "I" as the displayed 
character. 
Ioo(V) is the supply current 
using "V' as the displayed 
character. 
TJ is the IC junction tempera- 
ture. 
B is the percent brightness 
level. 
N is the number of characters 
illuminated. 


Operation in high temperature 
ambients may require power 
derating or heatsinking. 
Figure 
10 shows how to derate the 
power for an HDSP-253X. You 
can reduce the power by tighter 
supply voltage regulation 
or 
lowering the brightness 
level. 


Table 3 shows the calculated 
maximum allowable ambient 
temperature 
for several differ- 
ent sets of operating conditions. 


The worst case alphanumeric 
characters 
(I,@,B) have 20 
pixels. Displaying eight 20-pixel 
characters 
will not occur in 
normal operation. Thus, using 
eight 20-pixel characters 
to 
calculate power dissipation will 
over estimate the power and the 
IC junction temperature. 
The 
average number of pixels per 
character, 
supply voltage, 
brightness 
level, and number of 
characters 
are needed to calcu- 
late the power dissipated by the 
IC. The ambient temperature, 
power dissipated by the IC, and 
the thermal resistance 
are then 
used to calculate IC junction 
temperature. 
The typical alpha- 
numeric character is 15 pixels. 
For conditions not listed in 
Table 3, you can calculate the 
power dissipated by the Ie and 
use Figure 10 to determine 
the 
maximum ambient 
temperature. 


Figure 
10. Maximum 
Allowable 
Power 
Dissipation 
V8. Ambient 
Temperature. 
T"MAX • 150°C. 


Table 3. Maximum 
Allowable 
Ambient 
Temperature 
for Various 
Operating 
Conditions 


AlGaAsRed 


Number 
of 
Brightness 
Vnn 
Inn 
Pn 
R9J.A 
TAMAX 
Character 
Characters 
Level 
V 
mA 
W 
°CIW 
°C 
I (20 dots) 
8 
100% 
5.5 
408 
2.2 
39 
64 
I (20 dots) 
8 
100% 
5.25 
387 
2.0 
39 
72 
I (20 dots) 
8 
100% 
5.0 
366 
1.8 
39 
80 
I (20 dots) 
7 
100% 
5.5 
357 
2.0 
39 
72 
I (20 dots) 
6 
100% 
5.5 
306 
1.7 
39 
84 
I (20 dots) 
8 
80% 
5.5 
327 
1.8 
39 
80 
I (20 dots) 
8 
80% 
5.25 
310 
1.6 
39 
85 
, 


I (20 dots) 
8 
53% 
5.5 
216 
1.2 
39 
85 


V (12 dots) 
8 
100% 
5.5 
228 
1.3 
39 
85 


Table 3. Maximum 
Allowable 
Ambient 
Temperature 
for Various 
Operating 
Conditions 
(cont'd.) 


All Colors Except 
AlGaAs Red 


Number 
of 
Brightness 
VDD 
IDD 
PD 
R9J_A 
TAMAX 
Character 
Characters 
Level 
V 
mA 
W 
°CfW 
°C 


# (20 dots) 
8 
100% 
5.5 
373 
2.0 
39 
72 


# (20 dots) 
8 
100% 
5.25 
354 
1.9 
39 
77 


# (20 dots) 
8 
100% 
5.0 
335 
1.67 
39 
85 


# (20 dots) 
7 
100% 
5.5 
326 
1.8 
39 
80 


# (20 dots) 
6 
100% 
5.5 
280 
1.5 
39 
85 


# (20 dots) 
8 
80% 
5.5 
298 
1.6 
39 
85 


V (12 dots) 
8 
100% 
5.5 
207 
1.1 
39 
85 


The actuallC 
temperature 
is easy to measure. Pin 17 is thermally and electrically connected to the IC 
substrate. 
The thermal resistance from pin 17 to the IC is 16°CIW. The procedure to measure the IC 
junction temperature 
is as follows: 


1. Measure VDD and IDD for the display. Measure VDD between pins 15 and 16. Measure the current 
entering pin 15. 


2. Measure the temperature 
of pin 17 after 45 minutes. Use an electrically isolated thermal couple 


probe. 
3. TJ(IC) = Tpin + VDD X IDn x 16°CIW. 


Ground Connections 
Two ground pins are provided to 
keep the internal IC logic 
ground clean. The designer can, 
when necessary, route the ana- 
log ground for the LED drivers 
separately from the logic ground 
until an appropriate 
ground 
plane is available. On long 
interconnections 
between the 
display and the host system, the 
designer can keep voltage drops 
on the analog ground from 
affecting the display logic levels 
by isolating the two grounds. 


The logic ground should be con- 
nected to the same ground 
potential as the logic interface 
circuitry. The analog ground 
and the logic ground should be 
connected at a common ground 
which can withstand 
the cur- 


rent introduced by the switch- 


ing LED drivers. When separate 
ground connections are used, 
the analog ground can vary 
from -0.3 V to +0.3 V with 
respect to the logic ground. Volt- 
age below -0.3 V can cause all 
dots to be on. Voltage above 
+0.3 V can cause dimming and 
dot mismatch. 


Solder and Post Solder 
Cleaning 
Note: Freon vapors can cause 
the black paint to peel off the 
display. See Application Note 
1027 for information of 
soldering and post solder 
cleaning. 


Contrast Enhancement 
(Filtering) 
See Application Note 1015 for 
information on contrast 
enhancement. 
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F//'DI HEWLETT 
~r...•PACKARD 


Four Character Smart 
Alphanumeric Displays 


Technical Data 


Features 
• Smart Alphanumeric 
Display 
Built-in RAM, ASCII Decoder 
and LED Drive Circuitry 


• Wide Operating 
Temperature 
Range 
-40°C to +85°C 


• Fast Access Time 
160 ns 
• Excellent ESD Protection 
Built-in Input Protection 
Diodes 
• CMOS IC for Low Power 
Consumption 
• Full TTL Compatibility 
Over Operating 
Temperature 
Range 
V/L=0.8V 
Vlll = 2.0V 
• Wave Solderable 
• Rugged Package 
Construction 
• End-Stackable 
• Wide Viewing Angle 


Description 
The HPDL-1414 and 2416 are 
smart, four character, sixteen- 
segment, red GaAsP displays. 
The HPDL-1414 has a character 
height of2.85 mm (0.112"). The 


HPDL-2416 has a character 
height of 4.10 mm (0.160"). The 
on-board CMOS IC contains 
memory, ASCII decoder, 
multiplexing circuitry and 
drivers. The monolithic LED 
characters 
are magnified by an 


immersion lens which increases 
both character size and 
luminous intensity. The 
encapsulated 
dual-in-line 
package provides a rugged, 
environmentally 
sealed unit. 


The HPDL-1414 and 2416 
incorporate many improvements 
over competitive products. They 
have a wide operating tempera- 
ture range, very fast IC access 
time, and improved ESD 
protection. The displays are also 
fully TTL compatible, wave 
solderable, and highly reliable. 
These displays are ideally 
suited for industrial 
and 
commercial applications where 
a good-looking, easy-to-use 
alphanumeric 
display is 
required. 


HPDL·1414 
HPDL·2416 


Typical Applications 
• Portable 
Data Entry 
Devices 
• Medical Equipment 
• Process Control 


Equipment 
• Test Equipment 
• Industrial 
Instrumentation 
• Computer 
Peripherals 
• Telecommunication 
Instrumentation 


ESD WARNING: STANDARD 
CMOS HANDLING 
PRECAUTIONS 
SHOUW 
BE OBSERVED 
WITH THE HPDL-1414 AND HPDL-2416. 


Absolute Maximum Ratings 
Supply Voltage, VDD to Ground 
-0.5 V to 7.0 V 


Input Voltage, Any Pin to Ground 
-0.5 V to VDD + 0.5 V 


Free Air Operating 
Temperature 
Range, TA[I] 
••••••••••••• 
-40°C to +85°C 


Relative 
Humidity 
(non-condensing) 
at 65°C 
90% 
Storage Temperature, 
Ts 
-40°C to +85°C 


Maximum 
Solder Temperature, 
1.59 mm (0.063 in.) 
below 
Seating 
Plane, t < 5 sec.121 
•••••••••••••••••••••••••••••••••••••••••••• 
260°C 


ESD Protection 
@ 1.5 kil, 100 pF 
Vz = 2 kV (each Pin) 


Note: 
1. Free air operating 
temperature 
range (HPDL-2416 
only): 


T. > 75°C 
No Cursors 
On 
T. ~60°C 
3 Cursors 
On 
T. ~ 75°C 
1 Cursor 
On 
T. ~ 550C 
4 Cursors 
On 
T. ~ 68°C 
2 Cursors 
On 


2. Warning: 
Alcohol based cleaning 
solvents 
or fluxes will attack 
the package of this 


product. 
1_: 
.. 


Package Dimensions 


HPDL·1414 


PIN 
PIN 
NO. 
FUNCTION 
NO. 
FUNCTION 


1 
D.DATAINPUT 
7 
GND 
2 
~ATAINPUT 
8 
DDDATAINPUT 


3 
WRWRITE 
9 
D,DATAINPUT 


4 
A, DIGIT SELECT 
10 
D2DATAINPUT 


5 
ADDIGIT SELECT 
11 
D3DATAINPUT 


6 
Voo 
12 
D. DATA INPUT 


NOTES: 
1. UNLESS 
OTHERWISE 
SPEClRED, 
THE TOlERANCE 
ON All 
DIMENSIONS 
IS 0.254 own (0.010 
In.~ 


2. DIMENSIONS 
IN own (Incho.~ 


r- 25.2010.990) ---j 


1 r 
6.35 fO.2501 TYP'I 
r 
20.07 
']~ 
m~I 
4.10 
REF. 


10.'60) 


-I 


15.3 


(0.600) 


-~ 


PIN 
PIN 
NO. 
FUNCTION 
NO. 
FUNCTION 


1 
CE, CHIP ENABLE 
10 
GND 
.- 


2 
~ 
CHIP ENABLE 
11 
DoDATA INPUT 
3 
CLR CLEAR 
12 
D,DATAINPUT 
4 
CUE CURSOR ENABLE 
13 
D.DATAINPUT 
5 
CU CURSOR SELECT 
14 
D3DATAINPUT 
6 
WRWRITE 
15 
D.DATAINPUT 
7 
ADDRESS INPUT A, 
16 
D.DATAINPUT 
8 
ADDRESS INPUT A. 
17 
D. DATA INPUT 
9 
VDD 
18 
BL DISPLAY BLANK 


NOTES: 
1. UNl£SS 
OTHER'MSE SPECIRED, THE TOlERANCE ON All 
DIMENSIONS 
IS 0.254 nwn (0.010 in.). 


2. DIMENSIONS 
IN ..." 
(lnehe.~ 


Parameter 


Supply Voltage 


25°C 
25°C 
Parameter 
Sym. 
Min. 
Typ. 
Max. 
MaxJ1J 
Units 
Test 
Conditions 


Input Current 
IlL 
VDD= 5.0 V, BL = 0.8 V 
HPDL-1414 
17 
30 
50 
~ 
HPDL-2416 
." 
17 
30 
40 
~ 
IDDBlank 
IDD(BL) 
VDD= 5.0 V, BL = 0.8 V 
HPDL-1414 
1.2 
2.3 
4.0 
mA 


HPDL-2416 
1.5 
3.5 
8.0 
mA 


IDD4 Digits ON 


(10 Segments/digit)!2,3] 
IDD 
HPDL-1414 
70 
90 
130 
mA 
VDD=5.0V 


HPDL-2416 
85 
115 
170 
mA 


IDD4 Digits ON Cursor!'] 
IDD(CU) 
125 
165 
232 
mA 
VDD= 5.0V 
HPDL-2416 


Input Voltage High 
VllI 
2.0 
VDD 
V 


Input Voltage Low 
VIL 
GND 
0.8 
V 
Power Dissipation!5] 
PD 
HPDL-1414 
350 
450 
715 
mW 
VDD= 5.0V 


HPDL-2416 
425 
575 
910 
mW 


Notes: 
1. VDR = 5.5 V. 
2. "% illuminated 
in all four characters. 


3. Measured 
at five seconds. 
4. Cursor character 
is sixteen 
segments 
and DP ON. 
5. Power Dissipation 
= (VDDXIDD) 
for 10 segments 
ON. 


Parameter 
Sym. 
Min. 
Typ. 
Units 
Test 
Conditions 
Peak Luminous 
Intensity 
per Digit, 
Iv Peak 
VDD= 5.0 V, 


8 segments 
ON (character 
average) 
"*" illuminated 
in all 
HPDL-1414 
0.4 
1.0 
mcd 
4 digits 


HPDL-2416 
0.5 
1.25 
mcd 


Peak Wavelength 
Apeak 
655 
nm 


Dominant 
Wavelength 
A. 


d 
640 
nm 
Off Axis Viewing Angle 
HPDL-1414 
±40 
degrees 
HPDL-2416 
±50 
degrees 


Note: 
6. Refers to the initial 
case temperature 
of the device immediately 
prior to the light measurement. 


• 
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Parameter 
Symbol 
·20°C tMIN 
25°C tMIN 
70°C tMIN 
Units 


Address 
Setup Time 
tAS 
90 
115 
150 
ns 


Write Delay Time 
twn 
10 
15 
20 
ns 


Write Time 
tw 
80 
100 
130 
ns 


Data Setup Time 
Ins 
40 
60 
80 
ns 


Data Hold Time 
InH 
40 
45 
50 
ns 


Address 
Hold Time 
tAH 
40 
45 
50 
ns 


Chip Enable 
Hold Timell] 
tCEH 
40 
45 
50 
ns 


Chip Enable 
Setup Timell] 
tCES 
90 
115 
150 
ns 


Clear Timell) 
tCLR 
2.4 
3.5 
4.0 
ms 


Access Time 
130 
160 
200 
ns 


Refresh Rate 
420-790 
310-630 
270-550 
Hz 


Note: 
1. HPDL-2416 
only. 


03 
0 
0 
0 
0 
0 
0 
0 
0 
, 
1 
, 
, 
, 
, 
, 
1 


BITS 
O2 
0 
0 
0 
0 
, 
, 
, 
, 
0 
0 
0 
0 
, 
, 
1 
, 


0, 
0 
0 
, 
, 
0 
0 
, 
, 
0 
0 
1 
, 
0 
0 
, 
, 


DO 
0 
, 
0 
, 
0 
, 
0 
, 
0 
, 
0 
, 
0 
, 
0 
, 


06 05 04 
HEX 
0 
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3 
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6 
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B 
C 
° 
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o 
, 
0 
2 
(space I 
I 
/I 
=H 
g] 
% & 
/ 
< 
> 
*- + 
- 
/ 
/ 


0 
I 
2 
3 
y 
5 
5 
1 
B 
g 
- 
- L 
~ ? 
o 
1 
1 
3 
/ 
- 
- 
- 


1 
0 
0 
4 
OJ R B C 
IJ E F G H I J k L M N 0 


, 
0 , 
5 
P Q R 5 
T U V hi X y Z 
[ \ 
J 
A 
- 


1 


_ 
2.'0-:1 
10.0841 


a, 
a2 
fl\l/1 
'LVI\l-"" 


\\ 


\ 


"- "\. \. 


"\. 
....••..•.•. 


..•..•..•.... 


r- 


I·: 
. - 


Electrical Description 
Display Internal 
Block 
Diagram HPDL-1414 
Figure 1 shows the internal 
block diagram ofthe HPDL- 
1414. It consists of two parts: 
the display LEDs and the 
CMOS IC. The CMOS IC 
consists of a four-word ASCII 
memory, a 64-word character 
generator, 
17 segment drivers, 
four digit drivers, and the 
scanning circuitry necessary to 
multiplex the four monolithic 
LED characters. 
In normal 


operation, the divide-by-four 
counter sequentially accesses 
each of the four RAM locations 
and simultaneously 
enables the 
appropriate 
display digit driver. 
The output of the RAM is 
decoded by the character 
generator which, in turn, 
enables the appropriate display 
segment drivers. Seven-bit 
ASCII data is stored in RAM. 
Since the display uses a 64- 
character decoder, half ofthe 
possible 128 input combinations 
are invalid. For each display 
location where Ds = D6 in the 


64x17 
CHARACTER 
DECODER 


SEGMENT 
17 
DRIVERS 


BLANK 


ASCII RAM, the display 
character is blanked. 


Data Entry HPDL-1414 
Figure 2 shows a truth table for 
the HPDL-1414. Data is loaded 
into the display through the 
DATA inputs (D6-Do)' 
ADDRESS inputs (AI-A,,),and 
WRITE (WR). After a character 
has been written to memory, the 
IC decodes the ASCII data, 
drives the display and refreshes 
it without any external 
hardware 
or software. 


WR 
A, 
Ao 
06 
05 
04 
03 
O2 
0, 
Do 
DIG3 DIG2 DIG, DIGo 


L 
L 
L 
a 
a 
a 
a 
a 
a 
a 
NC 
NC 
NC 
A 
L 
L 
H 
b 
b 
b 
b 
b 
b 
b 
NC 
NC 
B 
NC 
L 
H 
L 
c 
c 
c 
c 
c 
c 
c 
NC 
[ 
NC 
NC 


L 
H 
H 
d 
d 
d 
d 
d 
d 
d 
D 
NC 
NC 
NC 


H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Previously 
Written 
Data 


L ~ LOGIC 
LOW 
INPUT 


H ~ LOGIC 
HIGH 
INPUT 


X = DON'T 
CARE 


• 
"a" ~ ASCII 
CODE 
CORRESPONDING 
TO SYMBOL 
" R" 


NC ~ NO CHANGE 


Display Internal 
Block 
Diagram HPDL·2416 
Figure 3 shows the internal 
block diagram for the HPDL- 
2416 display. The CMOS IC 
consists of a four-word ASCII 
memory, a four-word cursor 
memory, a 64-word character 
generator, 
17 segment drivers, 
four digit drivers, and the 
scanning circuitry necessary to 
multiplex the four monolithic 
LED characters. 
In normal 
operation, the divide-by-four 
counter sequentially 
accesses 
each of the four RAM locations 
and simultaneously 
enables the 
appropriate 
display digit driver. 


The output of the RAM is 
decoded by the character 
generator which, in turn, 
enables the appropriate 
display 
segment drivers. For each 
display location, the cursor 
enable (CUE) selects whether 
the data from the ASCII RAM 
(CUE = 0) or the stored cursor 
(CUE = 1) is to be displayed. 
The cursor character is denoted 
by all sixteen segments and the 
DP ON. Seven-bit ASCII data is 
stored in RAM. Since the 
display utilizes a 64-character 
decoder, half ofthe possible 128 
input combinations are invalid. 
For each display location where 


Ds = D6 in the ASCII RAM, the 
display character is blanked. 
The entire display is blanked 
when BL= O. 


Data is loaded into the display 
through the data inputs (D6- 
Do),address i~ts 
(AI' Aa),chip 
enables (CEI' CE~ursor 
select 
(CU), and write (WR). The 
cursor select (CU) determines 
whether data is stored in the 
ASCII RAM (CU = 1) or cursor 
memo~U 
= 0). When CE, = 
CE2 = WR = 0 and CU = 1, the 
information on the data inputs 
is stored in the ASCII RAM at 
the location specified by the 
address inputs (AI' AoJ.When 
CE, = CE2 = WR = 0 and CU = 
0, information on the data 
input, Do,is stored in the cursor 
at the location specified by the 
address inputs (AI' Ao)' If Do= 1, 
a cursor character is stored in 
the cursor memory. If Do= 0, a 
previously stored cursor 
character will be removed from 
the cursor memory. 


If the clear input (CLR) equals 
zero for one internal display 
cycle (4 ms minimum), the data 
in the ASCII RAM will be 
rewritten 
with zeroes and the 
display will be blanked. Note 


that the blanking input (BL) 
must be equal to logical one 
during this time. 


Data Entry HPDL-2416 
Figure 4 shows a truth table for 
the HPDL-2416 ~la~etting 
the chip enables (CEI' CE2) to 
their low state and the cursor 
select (CU) to its high state will 
enable data loading. The desired 
data inputs (D6-Do)and address 
inputs (A" Aa~s well as the 
chip enables (CE , CE2) and 
cursor select (CU\ must be held 
stable during the write cycle to 
ensure that the correct data is 
stored into the display. Valid 
ASCII data codes are shown in 
Figure 1. The display accepts 
standard 
seven-bit ASCII data. 
Note that D6 '" Ds for the codes 
shown in Figure 4. IfD6 = Ds 
during the write cycle, then a 
blank will be stored in the 
display. Data can be loaded into 
the display in any order. Note 
that when A, = Ao= 0, data is 
stored in the furthest 
right- 
hand display location. 


Cursor Entry HPDL·2416 
As shown in Figure 4, setting 
the chip enables (CEI' CE2) to 
their low state and the cursor 
select (CU) to its low state will 
enable cursor loading. The 
cursor character is indicated by 
the display symbol having all 16 
segments and the DP ON. The 
least significant data input 
(Do)'the address inputs (AI' Aa), 
the chip enables (CEI' CE2), and 
the cursor select (CU) must be 
held stable during the write 
cycle to ensure that the correct 
data is stored in the display. If 
Dois in a low state during the 
write cycle, then a cursor 
character will be removed at the 
indicated location. If Dois in a 
high state during the write 


• 


,: 
. - 


DATA 
INPUTS 10640,1 


DATA 
INPUT (Dol 


ADDAESS 
INPUTS 
IAl-AOJ 


CHIP ENABLES 
(CEl CE21 


WAITE 
(WRJ 


CUASOA 
SELECT leu) 


4-7 
ASCII 
DO 


MEMOAY 


4.1 


CUASOA 
MEMOAY 


WAtTE 
READ 


64)(17 
CHARACTER 
GENERATOR 


CURSOR 


1\/71 1\/71 1\/71 1\/7/ 
e/] el] 121] e/] 


cycle, then a cursor character 
will be stored at the indicated 
location. The presence or 
absence of a cursor character 
does not affect the ASCII data 
stored at that location. Again, 
when ~ 
= ~ 
= 0, the cursor 


character is stored in the 
furthest right-hand 
display 


location. 


All stored cursor characters are 
displayed if the cursor enable 
(CUE) is high. Similarly, the 
stored ASCII data words are 
displayed, regardless of the 
cursor characters, if the cursor 
enable (CUE) is low. The cursor 
enable (CUE) has no effect on 
the storage or removal of the 
cursor characters within the 
display. A flashing cursor is 


displayed by pulsing the cursor 
enable (CUE). For applications 
not requiring a cursor, the 
cursor enable (CUE) can be 
connected to ground and the 
cursor select (CU) can be 
connected to Vcc' This inhibits 
the cursor function and allows 
only ASCII data to be loaded 
into the display. 


Function 
BL 
CLR 
CUE 
CU 
CE1 
CE2 
WR 
A1 
Ao 
06 
Os 
04 
03 
O2 
01 
DO 0lG30lG2 
0lG1 OIGo 


Write 
L 
X 
X 
H 
L 
L 
L 
L 
L 
a 
a 
a 
a 
a 
a 
a 
NC 
NC 
NC 
R 


Data 
-OR- 
L 
H 
b 
b 
b 
b 
b 
b 
b 
NC 
NC 
B 
NC 
Memory 
X 
H 
X 
H 
L 
L 
L 
H 
L 
c 
c 
c 
c 
c 
c 
c 
NC 
[ 
NC 
NC 


H 
H 
d 
d 
d 
d 
d 
d 
d 
D 
NC 
NC 
NC 


Disable 
X 
X 
X 
H 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Previously 
Written 


Data 
X 
X 
X 
H 
X 
H 
X 
Data 


Memory 
X 
X 
X 
H 
H 
X 
X 
Write 


Write 
X 
X 
X 
L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
H 
NC 
NC 
NC 
~ 
Cursor 
L 
H 
X 
X 
X 
X 
X 
X 
H 
NC 
NC 
~ 
NC 


H 
L 
X 
X 
X 
X 
X 
X 
H 
NC 
~ 
NC 
NC 


H 
H 
X 
X 
X 
X 
X 
X 
H 
~ 
NC 
NC 
NC 


Clear 
X 
X 
X 
L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
L 
NC 
NC 
f:'J-Ci 


,-, 
, 
, 
L _. 


Cursor 
L 
H 
X 
X 
X 
X 
X 
X 
L 
NC 
NC 
L_J 
NC 


H 
L 
X 
X 
X 
X 
X 
X 
L 
NC 
,- , 


NC 
NC 
,-, 
~_J 


H 
H 
X 
X 
X 
X 
X 
X 
L 
' 
, 
NC 
NC 
NC 


Disable 
X 
X 
X 
L 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Previously 
Written 


Cursor 
X 
X 
X 
L 
X 
H 
X 
Cursor 
Memory 
X 
X 
X 
L 
H 
X 
X 


L; 
LOGIC 
LOW 
INPUT 


H; 
LOGIC 
HIGH 
INPUT 


X 
DON'T 
CARE 


"a" ; 
ASCII 
CODE 
CORRESPONDING 
TO SYMBOL' 
R" 


NC; 
NO CHANGE 


~ 
; 
CURSOR 
CHARACTER 
[ALL 
SEGMENTS 
ONI 


Function 
BL 
CLR 
CUE 
CU 
CE1 
CE2 
WR 
0lG3 
0lG2 
0lG1 
OlGa 


CUE 
H 
H 
L 
X 
X 
X 
X 
R 
B 
[ 
D 
Display previously 
written 
data 


H 
H 
H 
X 
X 
X 
X 
~ 
~ 
~ 
~ 
Display previously 
written 
cursor 


Clear 
H 
L 
X 
X 
X 
X 
X' 
r-' 
, , 
, 
, 
' , 
Clear data memory, 
cursor 
memory 
, 
' 
, 
, 
~_J 
L_J 
L_J 
L_J 


unchanged 


. NOTE: CLR should 
be held low for 4 ms 
following 
the las\ WRITE cycle \0 ensure 
all data is cleared. 


Blanking 
L 
X 
X 
X 
X 
X 
X 
r-, 
r-' 
r , 
Blank display, data and cursor 
~-~ 
L_J 
L _J 
L_J 


memories 
unchanged 


• 


Display 
Clear HPDL-2416 
As shown in Figure 4, the ASCII 
data stored in the display will 
be cleared if the clear (CLR) is 
held low and the blanking input 
(BL) is held high for 4 ms 
minimum. The cursor memory 
is not affected by the clear 
(CLR) input. Cursor characters 
can be stored or removed even 
while the clear (CLR) is low. 
Note that the display will be 
cleared regardless of the state of 
the chip enables (CEI' CEz). 
However, to ensure that all four 
display characters 
are cleared, 
CLR should be held low for 4 ms 
following the last write cycle. 


Display 
Blank HPDL-2416 
As shown in Figure 4, the 
display will be blanked ifthe 
blanking input (BL) is held low. 
Note that the display will be 
blanked regardless of the state 
of the chip enables (CEI' CEz) or 
write (WR) inputs. The ASCII 
data stored in the display and 
the cursor memory are not 
affected by the blanking input. 
ASCII data and cursor data can 
be stored even while the blank- 
ing input (BL) is low. Note that 
while the blanking input (BL) is 
low, the clear (CLR) function is 
inhibited. A flashing display can 
be obtained by applying a low 
frequency square wave to the 
blanking input (BL). Because 
the blanking input (BL) also 
resets the internal display 
multiplex counter, the frequency 
!!ImJiedto the blanking input 
(BL) should be much slower 
than the display multiplex rate. 
Finally, dimming ofthe display 
through the blanking input (BL) 
is not recommended. 


For further application 
information please consult 
Application Note 1026. 


Optical Considerations/ 
Contrast Enhancement 
The HPDL-1414 and HPDL- 
2416 displays use a precision 
aspheric immersion lens to 
provide excellent readability 
and low off-axis distortion. For 
the HPDL-1414, the aspheric 
lens produces a magnified 
character height of 2.85 mm 
(0.112 in.) and a viewing angle 
of±40°. For the HPDL-2416, the 
aspheric lens produces a 
magnified ~haracter height of 
4.1 mm (0.160 in.) and a 
viewing angle of±50°. These 
features provide excellent 
readability at distances up to 
1.5 metres (4 feet) for the 
HPDL-1414 and 2 metres (6 
feet) for the HPDL-2416. 


Each HPDL-141412416 display 
is tested for luminous intensity 
and marked with an intensity 
category on the side of the 
display package. To ensure 
intensity matching for multiple 
package applications, mixing 
intensity categories for a given 
panel is not recommended. 


The HPDL-141412416 display is 
designed to provide maximum 
contrast when placed behind an 
appropriate 
contrast enhance- 
ment filter. Some suggested 
filters are Panelgraphic 
Ruby 
Red 60, Panelgraphic 
Dark Red 
63, SGL Homalite H100-1650, 
Rohm and Haas 2423, Chequers 
Engraving 118, and 3M R6510. 
For further information on 
contrast enhancement, 
see 
Hewlett-Packard 
Application 
Note 1015. 


Mechanical and 
Electrical 
Considerations 
The HPDL-141412416 are dual 
in-line packages that can be 
stacked horizontally and 


vertically to create arrays of any 
size. These displays are designed 
to operate continuously between 
-40°C to +85°C with a maximum 
of 10 segments on per digit. 


During continuous operation of 
all four Cursors the operating 
temperature 
should be limited 
to -40°C to +55°C. At tempera- 
tures above +55°C, the 
maximum number of Cursors 
illuminated 
continuously should 
be reduced as follows: No 
Cursors illuminated 
at operat- 
ing temperatures 
above 75°C. 


One Cursor can be illuminated 
continuously at operating 
temperatures 
below 75°C. Two 
Cursors can be illuminated 
continuously at operating 
temperatures 
below 68°C. Three 
Cursors can be illuminated 
continuously at operating 
temperatures 
below 60°C. 


The HPDL-141412416 are 
assembled by die attaching and 
wire bonding the four GaAsPI 
GaAs monolithic LED chips and 
the CMOS IC to a 'high 
temperature 
printed circuit 
board. An immersion lens is 
formed by placing the PC board 
assembly into a nylon lens filled 
with epoxy. A plastic cap creates 
an air gap to protect the CMOS 
IC. Backfill epoxy environment- 
ally seals the display package. 
This package construction 
provides the display with a 
high tolerance to temperature 
cycling. 


The inputs to the CMOS IC are 
protected against static 
discharge and input current 
latchup. However, for best 
results standard 
CMOS 
handling precautions 
should be 
used. Prior to use, the HPDL- 
1414/2416 should be stored in 


anti-static 
tubes or conductive 
material. 
During assembly a 
grounded conductive work area 
should be used, and assembly 
personnel should wear conduc- 
tive wrist straps. Lab coats 
made of synthetic material 
should be avoided since they are 
prone to static charge build-up. 
Input current latchup is caused 
when the CMOS inputs are 
subjected either to a voltage 
below ground (VIN < ground) or 
to a voltage higher than VDO 
(V1N > VDO) and when a high 
current is forced into the input. 
To prevent input current 
latch up and ESD damage, 
unused inputs should be 
connected either to ground or to 
Voo. Voltages should not be 
applied to the inputs until VDO 
has been applied to the display. 
Transient 
input voltages should 
be eliminated. 


Soldering and Post 
Solder Cleaning 
Instructions 
The HPDL-141412416 may be 
hand soldered or wave soldered 
with SN63 solder. Hand solder- 
ing may be safely performed 
only with an electronically 
temperature-controlled 
and 


securely grounded soldering 
iron. For best results, the iron 
tip temperature 
should be set at 
315°C (600°F). For wave 
soldering, a rosin-based RMA 
flux can be used. The solder 
wave temperature 
should be 
245°C ± 5°C (473°F ± 9°F), 
and the dwell in the wave 
should be set at 1-112 to 3 
seconds for optimum soldering. 
Preheat temperature 
should not 


exceed 93°C (200°F) as 
measured 
on the solder side of 


the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. For solvent 
cleaning, Allied Chemical 
Genesolv DES, Baron Blakeslee 
Blaco-Tron TES or DuPont 
Freon TE can only be used. 
These solvents are azeotropes of 
trichlorotrifluoroethane 
FC-113 
with low concentrations 
of 
ethanol (5%). The maximum 
exposure time in the solvent 
vapors at boiling temperature 
should not exceed 2 minutes. 
Solvents containing high 
concentrations 
of alcohols, pure 
alcohols, isopropanol or acetone 
should not be used as they will 
chemically attack the nylon 
lens. Solvents containing 
trichloroethane 
FC-111 or FC- 
112 and trichloroethylene 
(TCE) 


are not recommended. 
• 


An aqueous cleaning process is 
highly recommended. A 
saponifier, such as Kester-Bio- 
kleen Formula 5799 or equiva- 
lent, may be added to the wash 
cycle of an aqueous process to 
remove rosin flux residues. 
Organic acid flux residues must 
be thoroughly removed by an 
aqueous cleaning process to 
prevent corrosion ofthe leads 
and solder connections. The 
optimum water temperature 
is 
60°C (140°F). The maximum 
cumulative 
exposure of the 
HPDL-2416 to wash and rinse 
cycles should not exceed 15 
minutes. 
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CMOS 5x7 Alphanumeric 
Displays 


Features 
• On-Board 
Low Power 
CMOSIC: 
Integrated 
Shift Register with 
Constant Current LED 
Drivers 


• Wide Operating 
Temperature 
Range: 


-40°C to +85°C 
• Compact 
Glass Ceramic 
4 Character 
Package: 
HCMS-200X Series End 
Stackable 
HCMS-230X Series 
X-Y Stackable 
• Five Colors: 
Standard 
Red 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
• 5 X 7 LED Matrix 
Displays 
Full ASCII Set 
• Two Character 
Heights: 
3.8mm (0.15 inch) 
5.0mm (0.20 inch) 


• Wide Viewing 
Angle: 
X Axis = ±50° 
Y Axis = ± 65° 


• Long Viewing 
Distance: 
HCMS-200X Series to 2.6 
Meters (8.6 Feet) 
HCMS-230X Series to 3.5 
Meters (11.5 Feet) 
• Categorized 
for Luminous 
Intensity 


• HCMS-2001l-2003, 
HCMS-2301l-2303: 
Categorized for Color 


Typical Applications 
• Commercial 
Avionics 
• Instrumentation 
• Medical 
Instruments 
• Business 
Machines 


Description 


The HCMS-200X and HCMS- 
230X series are 5x7 LED four 
character displays contained in 
12 pin dual-in-line packages 
designed for displaying alpha- 
numeric information. 
The char- 
acter height for the HCMS-200X 
series displays is 3.8mm (0.15 


HCMS-200XSeries 
HCMS-230XSeries 


inch), and for the HCMS-230X 
series displays the character 
height is 5.0mm (0.20 inch). 
These displays are available in 
all five LED colors: standard 
red, high efficiency red, orange, 
yellow and high performance 
green. The HCMS-ZOOXseries 
displays are end stackable and 
the HCMS-230X series displays 
are end/row stackable. 


Part 
Number 
Character 
Size 
LED Color 


HCMS-2000 
3.8 mm (0.15 inch) 
Standard Red 


HCMS-2001 
3.8 mm (0.15 inch) 
Yellow 


HCMS-2002 
3.8 mm (0.15 inch) 
High-Efficiency Red 
HCMS-2003 
3.8 mm (0.15 inch) 
High-Performance 
Green 
HCMS-2004 
3.8 mm (0.15 inch) 
Orange 


HCMS-2300 
5.0 mm (0.20 inch) 
Standard 
Red 
HCMS-2301 
5.0 mm (0.20 inch) 
Yellow 
HCMS-2302 
5.0 mm (0.20 inch) 
High-Efficiency Red 
HCMS-2303 
5.0 mm (0.20 inch) 
High-Performance 
Green 
HCMS-2304 
5.0 mm (0.20 inch) 
Orange 


These displays are designed 
with on-board CMOS integrated 
circuits for use in applications 
where conservation of power is 
important. 
The two CMOS ICs 


form an on-board serial-in- 
parallel-out 28-bit shift register 
with constant current output 
LED row drivers. 
Decoded 


column data is clocked into the 


on-board shift register for each 
refresh cycle. Full character 
display is achieved with external 
column strobing. 


Compatibility 
with HDSP· 
200XJ230X TTL IC Series 
Displays 
The HCMS-200X, HCMS-230X 
CMOS IC displays are "drop-in" 


1~76~1~ 
MAX. 


~I 
I- 
SEE NOTE 
3 


7.25 


(0.290) 
! 


r- 


S.OOs::~J~ 
II 


PLANE 
----j1 


1.27 
(0.050) 


O.54±O.08 


(O.020±O.003) 


replacements 
for the equivalent 


HDSP-200X, HDSP-230X TTL 
Ie displays. 
The 12 pin glass! 


ceramic package configuration, 
four digit character matrix and 
pin functions are identical. 


PIN 
FUNCTION 
PIN 
FUNCTION 


1 
COLUMN 
1 
7 
DATAQUT 
2 
COLUMN 
2 
8 
VB 
3 
COLUMN 
3 
9 
VDD 


4 
COLUMN 
4 
10 
CLOCK 


5 
COLUMN 
5 
11 
GROUND 


6 
INT. CONNECT- 
12 
DATA 
IN 


2.54.±O.13 
lO.l00tO.005) 


TYP. 


NON ACCUM. 


0.25±0.OO It ~ 
(O.Ol~±O.003) 
-- 
7.62 


T 
P. 
(0.300) 


--:~ 
MA~ 
~~~E :1 


12 
11 
101 91 
8 
7 


,.. __ r:.~") ~:J__C••:JI ';.~t_~:J ~~_ .• 
I 
I 
I 
I 
I I I 
I 
I 
1,+-+2-+++3+-+4 
L __ J 
L __ J 
LJ_J 
L_LJ 
C:I 
C:J 
C::l 
Co::lI C:I 
C:lI 


1 
2 
3 
4~6 
PIN 1 MARKED 
BY DOT 
Ii 
5.00tO.13 


ON BACK 
OF PACKAGE 
~'27iO'13 
lO.197±O.OOSJ 


fO.050±O.0051 


l~iogOI-l 
j 
I 
~ Fi 


~ 
~ 
(;.~;Ol 
025+008 


254 
t 
(O.010;O~003J 
TYP 


10.·'001 
[': 
----jl~ 
1.27 
TYP. 
I 
---III------J 
. 00 
NOT CONNECT 
OR USE 
,--- 
t-- ---I 
10.0501 
---l 
~ 


2.54:10.13 
I 
NOTES: 
~: ~~":.~~lg~~~~~~LEL;:~I~~:61~~~ES) 


(0.100!.0.005) 
TYP. 
0.5410.08 
6.35±0.25 
TOLERANCE 
ON ALL 
DIMENSIONS 
IS 


NON ACCUM. 
(0.OZO±0.003) 
(O.250±0.010) 
±O.38mm(±0.015). 


3. CHARACTERS 
ARE CENTERED 
WITH 


RESPECT TO LEADS WITHIN 
to.13mm 
(10.005"). 


4. LEAD MATERIAL 
IS (;OPPER ALLOY. 


SOLDER DIPPED. 


SEE NOTE 3 t 
3.43 
(0.33Z: 


+ 


PIN 
FUNCTION 
PIN 
FUNCTION 


1 
COLUMN 
1 
7 
DATA 
OUT 


2 
COLUMN 
2 
8 
VB 
3 
COLUMN 3 
9 
VDD 


4 
COLUMN 4 
10 
CLOCK 
5 
COLUMN 
5 
11 
GROUND 
6 
INT. CONNECP 
12 
DATA 
IN 


1_·- 


. - 


Absolute Maximum Ratings 
Supply Voltage Vnn to Ground 
-0.3 V to 7.0 V 
Data Input, 
Data Output, 
VB 
-0.3 V to Vnn 
Column Input Voltage,VcoL 
-0.3 V to Vnn 
Free Air Operating 
Temperature 
Range, TA •••••••••••••••• 
-40°C to +85°C 
Storage Temperature 
Range, Ts 
-55°C to +100°C 
Maximum 
Allowable Package 
Power Dissipation, 
pn[l,2) 
HCMS-2000/-200lJ-2002/-2003/-2004 
at TA = 78°C 
0.79 Watts 
HCMS-2300 
at TA = 85°C 
0.79 Watts 
HCMS-230lJ-2302/-2303/-2304 
at TA = 85°C 
0.92 Watts 
Maximum 
Solder Temperature 
1.59 mm (0.063") Below Seating 
Plane, t < 5 see 
260°C 
ESD Protection 
@ 1.5 kil, 100 pF 
Vz = 4 kV (each pin) 


Notes: 
1. Maximum 
allowable 
power dissipation 
is derived from Vnn = 5.25 V, VB= 2.4 V, 


V OL = 3.5 V, 20 LEDs on per character, 
20% DF. 
2. T~e power dissipation 
for these 
displays 
should be derated 
as follows: 


HCMS·200X 
series derate 
above 78°C at 18 mWI"C, R9J_A = 60°CIW. 


HCMS·230X 
series may be operated 
without 
derating 
up to TA = 85°C, 


R9J_A = 45°CIW. 


Deratings 
based on R9pc_A = 35°CIW per display 
for printed 
circuit board assembly. 


See Figure 
1 for power derating. 


Recommended Operating Conditions Over 
Operating Temperature 
Range (-40°Cto +85°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 


Supply Voltage 
Vnn 
4.75 
5.00 
5.25 
V 
Data Out Current, 
Low State 
IOL 
1.6 
mA 
Data Out Current, 
High State 
IOH 
-0.5 
mA 
Column Input Voltage 
YcOL 
2.75 
3.0 
3.5 
V 
Setup Time 
fsEnJP 
10 
ns 
Hold Time 
~OLD 
25 
ns 


Clock Pulse Width High 
~(CLOCK) 
50 
. 
ns 


Clock Pulse Width Low 
twLCCLOCK) 
50 
ns 
Clock High to Low Transition 
tmr. 
200 
ns 


Clock Frequency 
fCLOCK 
5 
MHz 


Electrical Characteristics 
Over Operating Temperature Range 
(·40°C to +85°C) 
Parameter 
. 
Symbol 
Test 
Conditions 
Min. 
Typ.* 
Max. 
Units 


Supply Current, 
DynamicU] 
1000 
fCLOCK 
= 5 MHz 
6.2 
7.8 
mA 


Supply Current, 
Static!2] 
IOOSoIf 
~ = 0.4 V 
1.8 
2.6 
mA 
IOOSon 
VB= 2.4 V 
2.2 
3.3 


Column Input Current 
VB= 0.4 V 
10 
~ 
HCMS-2000/-200 
lJ-2002/-2003/ -2004 
leOL 
VB=2.4V 
310 
384 
HCMS-2300 
VB= 2.4 V 
310 
384 
mA 
HCMS-230 1/-2302/-2303/-2304 
VB= 2.4 V 
360 
451 
mA 


Input Logic High 
Vrn 
Voo = 4.75 V 
2.0 
V 
Data, ~, Clock 
r 


Input Logic Low 
VII. 
Voo = 5.25 V 
0.8 
V 
Data, ~, Clock 


Input Current 
Voo = 5.25 V 
Data, Clock 
II 
0< \{ < 5.25 V 
-10 
+1 
~ 
VB 
O<~ 
<5.25 V 
-40 
0 


Data Out Voltage 
Voo = 4.75 V 
2.4 
4.2 


\~JH 
Ian = -0.5 mA 
V 
leOL= 0 mA 


Voo= 5.25 V 
0.2 
0.4 


VOL 
IaL= 1.6 mA 
V 
leOL= 0 mA 


Power Dissipation 
Per Package!3] 
Voo= 5.0V 
HCMS-2000/-200 
lJ-2002/-2003/ -2004 
YcOL= 3.5 V 
414 
HCMS-2300 
Po 
17.5% DF 
414 
mW 
HCMS-230 1/-2302/-2303/-2304 
VB= 2.4 V 
481 


15 LEDs ON 
per Character 


Thermal 
Resistance 
IC Junction-to-Pin!4] 
R8J_PIN 
HCMS-2000/-200 
lJ-2002/-2003/ -2004 
25 
HCMS-2300/-230 
lJ-2302/-2303/ -2304 
10 
°C/W 


Notes: 
1. Ipo Dynamic 
is the IC current 
while clocking column data through 
the on-board shift register 
at a clock frequency 
of 5MHz, 


the display is not illuminated. 
2. !no Static is the IC current 
after column data is loaded and not being clocked through 
the on-board 
shift register. 


3. ~'our characters 
are illuminated 
with a typical ASCII character 
composed of 15 dots per character. 


4. ICjunction 
temperature 
TiIC) 
= (Po)(R8J_PIN 
+ R8pc.A) + TA 


I·: 
.. 


Optical Characteristics 
at TA = 25°C 


Standard 
Red HCMS·2000/·2300 


Description 
Symbol 
Test 
Condition 
Min. 
Typ." 
Max. 
Units 


Peak Luminous 
Vnn=5.0V 
Intensity 
per 
HCMS-2000 
VCOL= 3.5 V 
105 
200 
/lcd 
LEDC5,9] 
HCMS-2300 
IVPEAK 
VB = 2.4 V 
130 
300 
(Character 
Average) 
Ti= 25°C[7] 


Dominant 
Wavelength!8] 
Ad 
639 
nm 


Peak Wavelength 
"-..EAK 
655 
, 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ." 
Max. 
Units 


Peak Luminous 
Vnn=5.0V 
Intensity 
per 
HCMS-2001 
VCOL= 3.5 V 
400 
750 
, 
/lcd 
LEDC5,9] 
HCMS-2301 
IVPEAK 
VB=2.4V 
650 
1140 
(Character 
Average) 
T, = 25°C!7] 


Dominant 
Wavelength(·,8] 
Ad 
585 
nm 


Peak Wavelength 
"-..EAK 
583 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ." 
Max. 
Unit 


Peak Luminous 
Vnn= 5.0V 
Intensity 
per 
HCMS-2002 
VCOL= 3.5 V 
400 
1430 
/lcd 
LEDC5,9j 
HCMS-2302 
IVPEAK 
VB= 2.4 V 
650 
1430 
(Character 
Average) 
T,= 25°C[7] 


Dominant 
Wavelength[8J 
Ad 
625 
nm 


Peak Wavelength 
"-..EAK 
635 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ." 
Max. 
Units 


Peak Luminous 
Vnn = 5.0 V 
Intensity 
per 
HCMS-2003 
VCOL= 3.5 V 
850 
1550 
/led 
LEDC5,9] 
HCMS-2303 
IYPEAK 
VB= 2.4 V 
1280 
2410 
(Character 
Average) 
Ti= 25°C[7] 


Dominant 
Wavelength(·,8] 
Ad 
574 
nm 


Peak Wavelength 
"-..EAK 
568 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ.* 
Max. 
Units 


Peak Luminous 
Voo=5.0V 
Intensi ty per 
HCMS-2004 
VCOL= 3.5 V 
400 
1430 
I-lcd 
LElY5•9J 
HCMS-2304 
IYPEAK 
VB=2.4V 
650 
1430 


(Character 
Average) 
T;= 25°C[7J 


Dominant 
Wavelength[8J 
Ad 
602 
nm 


Peak Wavelength 
ApEAK 
600 
nm 


*All typical values specified at Voo = 5.0 V and TA = 25"C unless otherwise 
noted. 


Notes: 
5. These LED displays 
are categorized 
for luminous 
intensity, 
with the intensity 
category designated 
by a letter 
code on the 


back of the package. 


6. The HCMS-200l/-2301 
and HCMS-2003l-2303 
are categorized 
for color with the color category designated 
by a number 
on the 


back of the package. 


7. T; refers to the initial case temperature 
of the display immediately 
prior to the light measurement. 


8. Dominant 
wavelength, 
A.d, is derived from the CIE Chromaticity 
Diagram, 
and represents 
the single wavelength 
which 
dermes the color of the device. 
9. The luminous 
sterance 
of the individual 
LED pixels may be calculated 
using the following equations: 
L (cd/m2) = I (Candela)*DF/A(Metre)2 


L (Footla':nberts) 
= ,,} (Candela)*DF/A(Foot)2 


Y 
Where: A = LED pixel area = 5.3 x 10·sM2 or 5.8 x 1O.7ft2 


DF = LED on·time duty factor 


v," 


VB 
20V' 
~ 


VIl08V '----/l' 


I-'OFFJ 


-t'ON 


ONOlLUMINATEDJ 
~ 


DISPLAY 
90% 


OFF (NOT ILLUMINATEO)10% 


Parameter 
Condition 
Typ. 
Max. 
Units 


fCLOCKCLOCK 
Rate 
5 
MHz 


1pLH,1pHL 
CL = 15 pF 
105 
ns 
Propagation 
Delay 
RL = 2.4 kn 
CLOCK to DATA 
OUT 


tOFF 
VB (0.4 V) to 
Display 
OFF 
4 
5 


tON 
I-lS 
VB (2.4 V) to 
Display 
ON 
1 
2 


• 
.: 
. - 


1.2 
w 
1.1 
~ 
OJ 
1.0 
"s: 
0.92-0-:9 
~ 
0.8 
" 


0.79- 
" 
0.7 
:> 
" 
0.6 
X" 
0.5 
" 
0.' 
, 
X 
0.3 
"" 
0.2 
0 
01 
~ 


Figure 
I. Maximum 
Allowable 
Power 
Dissipation 
vs Ambient 
Tem- 
perature 
as a Function 
of Thermal 
Resistance 
Junction-to-Ambient, 
ReJ.A• Derated 
Operation 
Assumes 
R8pc.A = 35°CIW Per Display for the 
Printed 
Circuit 
Board. TJ (IC) MAX 
= 125°C. 


Electrical Description 
Each display device contains 
four 5x7 LED dot matrix charac- 
ters and two CMOS integrated 
circuits, as shown in Figure 4. 
The two CMOS integrated 
circuits form an on-board 28 bit 
serial-in-parallel-out 
shift 
register that will accept stan- 
dard TTL logic levels. The Data 
Input, pin 12, is connected to bit 
position 1 and the Data Output, 
pin 7, is connected to bit position 
28. The shift register outputs 
control constant current sinking 
LED row drivers. 
The nominal 
current sink per LED driver is 
llmA for the HCMS-200X dis- 
plays, 13 rnA for the HCMS- 
230X. A logic 1 stored in the 
shift register enables the corre- 
sponding LED row driver and a 
logic 0 stored in the shift regis- 
ter disables the corresponding 
LED row driver. 


The electrical configuration of 
these CMOS IC alphanumeric 
displays allows for an effective 
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Figure 
2. Relative 
Luminous 
Intensity 
vs Display Pin Tempera- 
ture 


interface to a display controller 
circuit that supplies decoded 
character information. 
The row 
data for a given column (one 7 
bit byte per character) is loaded 
(bit serial) into the on-board 28 
bit shift register with high to 
low transitions 
ofthe Clock 
input. 
To load decoded charac- 
ter information into the display, 
column data for character 4 is 
loaded first and the column data 
for character 1 is loaded last in 
the following manner. 
The 7 
data bits for column 1, character 
4, are loaded into the on-board 
shift register. 
Next, the 7 data 
bits for column 1, character 3, 
are loaded into the shift regis- 
ter, shifting the character 4 data 
over one character position. 
This process is repeated for the 
other two characters until all 28 
bits of column data (four 7 bit 
bytes of character column data) 
are loaded into the on-board 
shift register. 
Then the column 
1 input, VeoLpin 1, is energized 
to illuminate column 1 in all 


Figure 
3. Peak Column Current 
vs 
Column Voltage 


four characters. 
This process is 


repeated for columns 2, 3, 4 and 
5. All VeoLinputs should be at 
logic low to insure the display is 
off when loading data. 
The 
display will be blanked when 
the blanking input VB'pin 8, is 
at logic low regardless of the 
outputs ofthe shift register or 
whether one of the VeoL inputs 
is energized. 


Refer to Application Note 1016 
for drive circuit information. 


ESD Susceptibility 
The HCMS-200X/-230X series 
displays have an ESD suscepti- 
bility ratings of CLASS 3 per 
DOD-STD-1686 and CLASS B 
per MIL-STD-883C. It is recom- 
mended that normal CMOS 
handling precautions be ob- 
served with these devices. 


COLUMN 
DRIVE 
INPUTS 


COLUMN 


1 
2 
3 
4 
5 


SERIAL 
DATA 


OUTPUT 


Soldering and Post 
Solder Cleaning 
These displays may be soldered 
with a standard 
wave solder 
process using either an RMA 
flux and solvent cleaning or an 
OA flux and aqueous cleaning. 
For optimum soldering, the 
solder wave temperature 
should 
be 245°C and the dwell time for 
any display lead passing 
through the wave should be 11/ 
2 to 2 seconds. The recom· 
mended solvent for post solder 
cleaning is Genesolv DES, 
manufactured 
by Allied Chemi- 
cal. For aqueous cleaning, a 
water temperature 
of 60°C 


(140°F) with an immersion time 
not exceeding 15 minutes is rec- 
ommended. 
For more detailed 
information, refer to Application 
Note 1027 Soldering 
LED 
Components. 


Contrast Enhancement 
When used with the proper con- 
trast enhancement 
filters, the 
HCMS·200X/-230X series dis- 
plays are readable in bright 
ambients. Refer to Application 
Note 1029 Luminous 
Contrast 
and Sunlight 
Readability 
of the 
HDSP·238X 
Series Alphanu- 
meric Displays for Military 
Applications 
for contrast en- 


hancement 
in bright ambients. 


Refer to Application Note 1015 
Contrast Enhancement 
Tech- 


niques for LED Displays 
for 
information on contrast en- 
hancement 
in moderate ambi- 
ents. 


Controller Circuits, 
Power Calculations and 
Display Dimming 
Refer to Application Note 1016 
Using the HDSP-2000 
Alphanu- 
meric Display Family for infor- 
mation on controller circuits to 
drive these displays, how to do 
power calculations and a tech- 
nique for display dimming. 
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Large 5 X 7 Dot Matrix Alpha- 
numeric Displays 
17.3/26.5 mm Character 
Heights 


Technical Data 


Features 
• Multiple 
Colors Available 
•.Large 
Character 
Height 
•.5 X 7 Dot Matrix 
Font 
•.Viewable 
Up to 18 Meters 
(26.5 mm Display) 
•.x·y Stackable 
•.Ideal for Graphics 
Panels 
•.Available 
in Common 
Row 
Anode and Common 
Row 
Cathode 
Configurations 
•.AlGaAs Displays 
Suitable 
for Low Power 
or Bright 
Ambients 
Typical Intensity 1650 
mcd at 2 mAAverage 
Drive Current 
•. Categorized 
for Intensity 
•.Mechanically 
Rugged 
•.Green 
Categorized 
for 
Color 


Description 
The large 5 X 7 dot matrix 
alphanumeric display family 
consists of26.5 mm (1.04 inch) 
and 17.3 mm (0.68 inch) charac- 
ter height packages. These 
devices have excellent viewabil- 
ity; the 26.5 mm character can 
be read at up to 18 meters (12 
meters for the 0.68 inch part) . 


The 26.5 mm font has a 
10.2 mm (0.4 inch) dual-in-line 
(DIP) configuration, while the 
17.3 mm font has an industry 
standard 7.6 mm (0.3 inch) DIP 
configuration. 


The HDSP-L203/4503 
can be 
ordered with a smart driver IC. 
Information about the IC is 
available in the Smart Display 


HDSP-440X Series 
HDSP-450X Series 
HDSP-470X Series 
HDSP-510X 
Series 


HDSP-540X Series 
HDSP-L10X Series 
HDSP·L20X 
Series 


HDSP·M10X Series 


~!\ 
... 


~ 


••a • 
.. 
•"--' I 
~ 


. ~-.. 
-,.. 
..•..•• 
h~~7··..• 
...:~. .:~ 
-.~..... 
~~ 


Sets data sheet. For ordering 
information see the HP Smart 
Display Sets data sheet. 


Applications include electronic 
instrumentation, 
computer 
peripherals, 
point of sale termi- 
nals, weighing scales, and 
industrial 
electronics. 


High 
High 
Standard 
AlGaAs 
Efficiency 
Performance 
Red 
Red 
Red 
Green 
Description 


HDSP-4701 
HDSP-L101 
HDSP-L201 
HDSP-5401 
17.3 mm Common Row Anode 


HDSP-4703 
HDSP-LI03 
HDSP-L203 
HDSP-5403 
17.3 mm Common Row Cathode 


HDSP-4401 
HDSP-MI0l 
HDSP-4501 
HDSP-5101 
26.5 mm Common Row Anode 


HDSP-4403 
HDSP-MI03 
HDSP·4503 
HDSP-5103 
26.5 mm Common Row Cathode 


Package 
Dimensions 
HDSP-470XILIOXIL20Xl540X 
Series 


1 


17.78 
10.70 


1 


MAX 


lUMINOUS 
INTENSITY 
CATEGORY 


LEFT 
SIDE 
VIEW 


NOTES: 
1. All 
DIMENSIONS IN MllUMETRES 
(INCHES). 


2. ALL 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR 


REFERENCE 
ONLY. 


3. A NOTCH 
ON SCRAMBLER 
SIDE 
DENOTES 


PIN 1. 


4. 
FOR 
GREEN 
ONLY 


COLOR BIN 
LUMINOUS 
NOTE 4. 
INTENSITY 
CATEGORY 


NOTES: 
1. ALL 
DIMENSIONS 
IN MllLlMETRES 
(INCHES). 


2. ALL 
UNTDLERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY, 


3. A BLACK 
DOT 
ON SCRAMBLER 
SIDE 
INDICATES 
PIN =1. 


4. FOR GREEN 
ONLY, 


I~~~~)MIN 
~ 
__ 
t 
6.60 


10.2601 MAX. 


I 
r 
1 
L' 
I~~~) 


(O~052~)SO. 
~ 
2.54 
(0.101 


7.62 
10.30) 


18.54 
(0.73) 


FRONT 
VIEW 


J-'~tlOl~1 
6.35 


(0.2501 MAX. 


i 
~f 
- 
'L 
I L 


I~~) 
0.51 
SQJL J (~:~~) 
MIN. 
(D.020) 
. 
~ 
10.16 


(0.40) 


FUNCTION 


PIN 
HDSP-4701/·54011 
HOSP-4703I-54031 


L101/L20'1 
l1031L203 
, 
COLUMN 
1 CA1liODE 
ROW 
1 CATHODE 
, 
ROW 
3 ANODE 
ROW 
2 CATHODE 
3 
COLUMN 
2 CATHODE 
COLUMN 
2 ANODE 
• 
ROW 
5 ANODE 
COLUMN' 
ANODE 
3 
ROW 
6 ANODE 
ROW 
6 CATHODE 
• 
ROW 
7 ANODE 
ROW 
7 CATHODE 
7 
COLUMN 
4 CATHODE 
COLUMN 
3 ANODE 
• 
COLUMN 
5 CATHODE 
ROW 
5 CATHODE 
• 
ROW4ANODE 
COLUMN4 
ANODE 
,. 
COLUMN 
3 CATHODE 
ROW 
4 CATHODE 
11 
ROW 
2 ANODE 
ROW 
3 CATHODE 
12 
ROW 
1 ANODE 
COLUMN 
5 ANODE 


COLUMN' 
CA"TliODE 


NOPlN 


ROW 
3 ANODE 


COLUMN 
2 CATHODE 
NOP1N 


ROW 
5 ANODE 
NOP1N 


ROW 
6 ANODE 


ROW 
7ANOOE 


COLUMN 
3 CATHODE 


COLUMN 
5 CATHODE 


NO PIN 


ROW 
4 ANODE 


NO 
PIN 


COLUMN 
4 CATHODE 


ROW 
2 ANODE 


NO 
PIN 


ROW' 
ANODE 


ROW 
1 CATHODE 


NOPlN 


COLUMN 
3 ANODE 


ROW 
3 CATHODE 


NOP1N 


COLUMN 
1 ANODE 


NO 
PIN 


COLUMN 
2 ANODE 


ROW 
7 CATHOOE 


ROW 
6 CATHODE 


COLUMN" 
ANODE 
NO PIN 


ROW 
5 CATHODE 


NO 
PIN 


ROW 
4 CATHOOE 


ROW 
2 CATHODE 


NO 
PIN 


COLUMN 
5 ANODE 


HDSP-470Xl 
HDSP-LIOXI 
HDSP-L20Xl 
HDSP-540Xl 
Description 
440XSeries 
MIOXSeries 
450X Series 
510XSeries 


Average Power per Dot 
75mW 


(TA = 25°C)(I] 


Peak Forward Current per Dot 
125 mA 
125 mA 
90mA 
90mA 


(TA = 25°C)U.2J 


Average Forward Current 
per Dot 
32mA 
23mA 
15mA 
15mA 


(TA = 25°C)U,3] 


Operating Temperature 
Range 
-40°C to +85°C 
-20°C to +85°C 
-40°C to +85°C -20°C to +85°C 


Storage Temperature 
Range 
-40°C to +85°C 


Lead Solder Temperature 
260°C for 3 s 
: 


(1.59 mm [0.062 in.] below 
seating plane) 


Notes: 
1. Average power is based on 20 dots per character. 
Total package power dissipation 
should not exceed 1.5 W. 


2. Do not exceed maximum 
average current per dot. 
3. For the HDSP-440Xl470X 
series displays, derate maximum 
average current 
above 35°C at 0.43 mAl°C. For the IIDSP·LI0Xl 


MI0X 
series displays, 
derate maximum 
average current 
above 35°C at 0.31 mAl°C. For the HDSP·L20Xl450X 
series and 
IIDSP·540Xl510X 
series displays, derate maximum 
average current 
above 35°C at 0.2 mAl"C. This derating 
is based on a 
device mounted in a socket having a thermal 
resistance 
junction to ambient of 500C!W per package. 


Electrical/Optical Characteristics 
at TA = 25°C 


Standard 
Red HDSP-440Xl470X 
Series 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Dotl41 
100 mA pk: lof5 
(Digit Average) 
Iv 
Duty Factor (20 mA Avg.) 
HDSP-470X(17.3 
mm) 
360 
770 
llcd 
HDSP-440X 
(26.5 mm) 
400 
800 


Peak Wavelength 
!"EAK 
655 
nm 


Dominant 
Wavelengthl51 
Ad 
640 
nm 


Forward 
Voltage 
VF 
IF = 100 mA 
1.8 
2.2 
V 


Reverse Voltage[61 
VR 
IR = 100 1lA 
2.0 
12 
V 


Temperature 
Coefficient ofVF 
t1V/oC 
-2.0 
mVI'C 


Thermal 
Resistance 
LED 
Junction-to-Pin 
per package 
HDSP-470X 
R8J_P1N 
15 
°C/W/ 


HDSP-440X 
13 
PACK 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Dotl4J 
10 mA pk: lof5 
(Digit Average) 
Iv 
Duty Factor (2 mA Avg.) 
HDSP-L10X 
(17.3 mm) 
730 
1650 
llcd 
HDSP-M10X 
(26.5 mm) 
760 
1850 


Luminous 
Intensity/Dotl41 
30 mA pk: 1 of 14 
(Digit Average) 
Iv 
Duty Factor (2.1 mA Avg.) 
HDSP-LIOX 
1750 
llcd 
HDSP-M10X 
1980 


Peak Wavelength 
!"EAK 
645 
nm 


Dominant 
Wavelengthl51 
Ad 
637 
nm 


Forward 
Voltage 
VF 
IF = 10 mA 
1.7 
2.1 
V 


Reverse Voltagel6J 
VR 
IR = 100 1lA 
3.0 
15.0 
V 


Temperature 
Coefficient 
ofVF 
t1VF/oC 
-2.0 
mVI'C 


Thermal 
Resistance 
LED 
Junction-to-Pin 
per package 
HDSP-L10X 
R8J_P1N 
20 
°C/W/ 


HDSP-M10X 
18 
PACK 


1_: 


. - 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
IntensitylDotl(] 
50 mA pk: lof5 
(Digit Average) 
Iv 
Duty Factor (10 mA Avg.) 
HDSP-L20X 
(17.3 mm) 
1150 
2800 
Jlcd 
HDSP-450X 
(26.5 mm) 
1400 
3500 


Luminous 
IntensitylDotl(] 
30mApk: 
lof14 
(Digit Average) 
Iv 
Duty Factor (2.1 mA Avg.) 


HDSP-L20X 
740 
Jlcd 
HDSP-450X 
930 


Peak Wavelength 
~AK 
635 
nm 


Dominant 
Wavelengthl5] 
Ad 
626 
nm 


Forward 
Voltage 
Vp 
Ip = 50 mA 
2.6 
3.5 
V 


Reverse Voltagel6] 
VR 
IR = 100 J.1A 
3.0 
25.0 
V 


Temperature 
Coefficient ofVp 
tJ.V;oC 
-2.0 
mVrC 


Thermal 
Resistance 
LED 
Junction-to-Pin 
per package 
HDSP-L20X 
R9J.PIN 
15 
°C/W/ 
HDSP-450X 
13 
PACK 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Dotl(] 
50 mA pk: 1 of 5 
(Digit Average) 
Iv 
Duty Factor (10 mA Avg.) 
HDSP-540X 
(17.3 mm) 
1290 
4000 
Jlcd 
HDSP-510X 
(26.5 mm) 
1540 
4500 


Luminous 
IntensitylDotl(] 
30 mA pk: 1 of 14 
(Digit Average) 
Iv 
Duty Factor (2.1 mA Avg.) 
HDSP-540X 
570 
Jlcd 
HDSP-51OX 
630 


Peak Wavelength 
ApEAK 
566 
nm 


Dominant 
Wavelength[5.71 
Ad 
. 
571 
nm 


Forward 
Voltage 
V. 
Ip = 50 mA 
2.6 
3.5 
V 


Reverse Voltage!6] 
VR 
IR = 100 J.1A 
3.0 
25.0 
V 


Temperature 
Coefficient ofVp 
tJ.V;oC 
-2.0 
mVrC 


Thermal 
Resistance 
LED 
Junction-to-Pin 
per package 
HDSP-540X 
R9J.PIN 
15 
°C/W/ 
HDSP-510X 
13 
PACK 


Notes: 
4. The displays are categorized 
for luminous 
intensity 
with the intensity 
category designated 
by a letter on the left hand side of 


the package. The luminous 
intensity 
minimum 
and categories are determined 
by computing the numerical 
average of the 


individual 
dot intensities. 
5. The dominant 
wavelength 
is derived from the C.LE. Chromaticity 
diagram 
and is that single wavelength 
which defInes the 


color of the device. 
6. Typical specifIcation for reference only. Do not exceed absolute maximum ratings. 
7. The displays are categorized 
for dominant 
wavelength 
with the category designated 
by a nu mber adjacent 
to the intensity 


category letter. 
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Figure 
1. Maximum Allowable 
Average Current 
Per Dot as a 


Function 
of Ambient 
Temperature. 


Operational 
Considerations 
Electrical 
Description 
These display devices are com- 
posed oflight 
emitting 
diodes, 


with the light from each LED 
optically stretched 
to fonn indi- 


vidual dots. 


These display devices are well 
suited for strobed 
operation. 


The typical forward voltage 
values can be scaled from 
Figure 2. These values 
should 


be used to calculate 
the current 


.. '40 
E 
I 
120 
b 
0 
~ 
'00 


>- 


80 
~ 
a:a: 
::> 
60 
() 
0a: 
40 
~ 
Ii' 
20 


I 
0 
0 
0.5 
10 
1.5 
2.0 
2.5 
3.0 
3.5 


limiting 
resistor 
value and the 
typical power dissipation. 
Ex- 
pected maximum 
Vp values, for 
driver circuit design and maxi- 
mum power dissipation, 
may be 
calculated 
using the following 
VpMAX models: 


Red (HDSP-440Xl470X): 


VpMAX = 1.55 V + Ipea/6.5Q) 
For Ipeak<': 5 mA 
AlGaAs Red 
(HDSP-LlOXlMlOX): 
VpMAX = 1.8 V + Ipeak(20Q) 
For Ipeak:'> 20 mA 
V.MAX = 2.0 V + Ipeak(lOQ) 
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Figure 
3. Relative 
Efficiency 


(Luminous 
Intensity 
per Unit Dot) 
vs. Peak Current 
per Dot. 


For Ipeak<': 20 mA 
HER (HDSP-450XlL20X): 


VpMAX = 1.75 V + Ipeak(35Q) 
For Ipeak<': 5 mA 
Green (HDSP-540Xl510X): 


VpMAX = 1.75 V + Ipeak(38Q) 
For Ipeak<': 5 mA 


Figure 3 allows the designer 
to 


calculate 
the luminous 
intensity 


at different 
peak and average 


currents. 
The following equation 


calculates 
intensity 
at different 


peak and average 
currents: 


1_: 
. - 


lyAVG = (IyAVG/lyAVG DATA 
SHEET)(l1peak)(IyDATA SHEET) 


Where: 
lyAVG is the desired time 
averaged LED current. 
lyAVG DATA SHEET is the 
time averaged data sheet test 
current for lyDATA SHEET. 
l1peakis the relative efficiency at 
the peak current, 
scaled from 
Figure 3. 


Iy DATA SHEET is the time 
averaged data sheet luminous 
intensity, 
resulting from 
lyAVG DATA SHEET. 
lyAVG is the calculated time 
averaged luminous intensity 
resulting from lyAVG. 


For example, what is the 
luminous intensity 
of an 
AlGaAs Red (HDSP-L10X) 
driven at 50 mA peak 1/5 duty 
factor? 


lyAVG = 50 mA * 0.2 = 10 mA 
lyAVG DATA SHEET = 2 mA 
l1peok= 0.98 
Iy DATA SHEET = 1650 /lcd 


lyAVG = (10 mA/2 mA)(0.98) 
(1650 /lcd) = 8085 /lcd 


Circuit Design 
Smart IC Circuit 
HDSP-L203/4503 displays can 
be ordered with a smart IC 
driver. Information 
about the IC 
is available in the Smart 
Display data sheet. For ordering 
information 
see the HP Smart 
Displays Sets data sheet. 


Thermal Consider- 
ations 
The device thermal resistance 
may be used to calculate the 
junction temperature 
of the 
central LED. The equation 
below calculates the junction 
temperature 
ofthe central 
(hottest) LED. 


TJ = TA + (PD)(R9J_A)(N) 
PD = CV.,MAX)(lyAVG) 
R9J_A= R9J_PIN+R9pIN•A 


TJ is the junction temperature 
of 
the central LED. 
TA is the ambient temperature. 
PD is the power dissipated by 
one LED. 
N is the number of LEDs ON 
per character. 
V.,MAXis calculated using the 
appropriate 
VFmodel. 


R9J.A is the package thermal 
resistance 
from the central 
LED to the ambient. 
R9J_PlNis the package thermal 
resistance 
from the central 
LED to pin. 


R9plN_A is the package thermal 
resistance from the pin to the 
ambient. 


For example, what is the 
maximum ambient temperature 
an HDSP-L1OX can operate 
with the following conditions: 


lPEAK = 125 mA 
lyAVG= 10mA 
R9 
= 50°CIW 
J-A 
N=35 
TJMAX = 110°C 


V.,MAX= 2.0 V + (0.125 A)(10) 


= 3.25 V 
PD = (3.25 V)(0.01 A) 
= 0.0325W 
TA = 1l0°C- 
(50°CIW)(0.0325 W)(35) 
= 53°C 


The maximum number of dots 
ON for the ASCII character 
set 
is 20. What is the maximum 
ambient temperature 
an HDSP- 
L10X can operate with the 
following conditions: 


IpEAK = 125 mA 
lyAVG= 10 mA 
R9 
= 50°CIW 
J-A 
N=20 
T~= 
110°C 


VFMAX= 3.25 V 
PD = 0.0325 W 
TA = 1l0°C- 
(50°CIW)(0.0325 W)(20) 
= 77°C 


Therefore, the maximum 
ambient temperature 
can be 
increased by reducing the 
average number of dots ON 
from 35 to 20 dots ON per 
display. 


Contrast Enhancement 
For information 
on contrast 
enhancement 
please see 
Application Note 1015. 


For Soldering/Cleaning 
infor- 
mation on soldering LEDs 
please refer to Application Note 
1027. 


HEWLETT 
PACKARD 


• 
NUMERIC 


5082-7300/-7302 
0-9, Test State, Minus 
Sign, Blank 
States, 


Decimal 
Point 
7300 Right 
Hand D. P. 


7302 Left Hand D.P. 


• 
TTL COMPATIBLE 


• 
INCLUDES 
DECODER/DRIVER 
WITH 
MEMORY 


8421 Positive 
Logic 
Input 


• 
HEXADECIMAL 
5082-7340 
0-9, A-F, Base 16 
Operation, 
Blanking 
Control, 


Conserves 
Power, 


No Decimal 
Point 


• 
4 x 7 DOT MATRIX ARRAY 


Shaped 
Character, 
Excellent 
Readability 


• 
STANDARD 
DUAL-IN-liNE 
PACKAGE 


INCLUDING 
CONTRAST 
FILTER 


15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Description 


The 
HP 5082-7300 
series 
solid 
state 
numeric 
and 
hexa- 


decimal 
displays 
with on-board 
decoder/driver 
and memory 
provide 
7.4 mm 
(0.29 inch) 
displays 
for 
reliable, 
low-cost 


methods 
of displaying 
digital 
information. 


The 
5082-7300 
numeric 
display 
decodes 
positive 
8421 


BCD 
logic 
inputs 
into 
characters 
0-9, a "-" 
sign, 
a test 


pattern, 
and 
four 
blanks 
in the 
invalid 
BCD 
states. 
The 
unit employs 
a right-hand 
decimal 
point. 


Package Dimensions 


7300 


1.S 


10,061 


7.' 


fO.291 


~ 


I 
J-o.,O" 


IT 
~NG 


l.~~l 
PLANE 
II 


0.3 ' 0.08 TVP. 
(0.012' 
0.003) 
/i~)-I .1;1-+ 
--I (0.1711- 


HEXADECIMAL 
AND NUMERIC 
DISPLAYS 


5082-7300 
5082·7302 
5082-7304 
5082·7340 


The 5082-7302 
is the same as the 5082-7300, 
except 
that 
the decimal 
point 
is located 
on the left-hand 
side of the 


digit. 


The 5082-7340 
hexadecimal 
display 
decodes 
positive 
8421 


logic 
inputs 
into 
16 states, 
0-9 and 
A-F. In place 
of the 


decimal 
point an input 
is provided 
for blanking 
the display 
(all LEOs off), without 
losing 
the contents 
of the memory. 


Applications 
include 
terminals 
and computer 
systems 
using 


the base-16 character 
set. 


The 
5082-7304 
is a (±1) 
overrange 
display 
including 
a 


right-hand 
decimal 
point. 


The 
ESO susceptibility 
of these 
IC devices 
is Class A of 
MIL-STO-883 
or 
Class 
2 of 
000-STO-1686 
and 
000- 


HOBK-263. 
I·: 
.. 


Applications 


Typical 
applications 
include 
point-of-sale 
terminals, 
in- 
strumentation, 
and computer 
system. 


Function 


5082-7300 
Pin 
and 7302 
5082-7340 
Numeric 
Hexadecimal 


1 
Inpul2 
Input 2 


2 
Input 4 
Inpul4 


3 
Input 
8 
Input 
8 


4 
Decimal 
Blanking 


Point 
Control 


5 
Latch 
Latch 


Enable 
Enable 


6 
Ground 
Ground 


7 
vCC 
vcc 


8 
Input 1 
Input 
1 


~ 


.• 
1.S 


SEATING 
(.15) 
(.06) 


PLANE 
I 
3.4 
~"_±f' 


'3TY']~'U~ 
II_os, 
0.0.TY'. 
(.OSOI 
--j 
(0.020 
' 0.0031 


2.5 
0.13 
TVP. 


(0.10' 
O.OO5l 


Notes: 
1 
DlmenSlQns 
In 
mIllimeters 
and 
(Inchesl 


2 
Unless 
otherwIse 
speCifIed, 
the 


tolerance 
on 
all 
dimenSions 
IS 


"-038 
mm 
(+ 
00151nchl 


3 
Digit 
center 
line 
IS 
1025 
mm 


i-t 0.01 
Inchl 
from 
package 
center 
line 


Storage 
temperature, 
ambient 
Ts 
-40 
+100 
°C 


Operating 
temperature, 
case[1,2] 
Tc 
-20 
+85 
°C 


Supply 
voltage(3) 
Vcc 
-0.5 
+7.0 
V 


Voltage 
applied 
to input 
logic, 
dp and 
enable 
pins 
VI,VOP,VE 
-0.5 
+7.0 
V 


Voltage 
applied 
to blanking 
input 
(71 
VB 
-0.5 
Vcc 
V 


Maximum 
solder 
temperature 
at 1.59mm 
(.062 
inch) 
230 
°C 
below 
seating 
plane; 
t .;; 5 seconds 


Recommended 
operating 
Conditions 


Dese;ription 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
case 
Tc 
-20 
+85 
°C 


Enable 
Pulse 
Width 
tw 
120 
nsec 


Time 
data 
must 
be held 
before 
positive 
transition 
tSETUP 
50 
nsec 
of enable 
line 


Time 
data 
must 
be held 
after 
positive 
transition 
tHOLD 
50 
nsec 
of enable 
line 


Enable 
pulse 
rise time 
hLH 
200 
nsec 


Electrical/opticCiI Characteristics 
(T c = -20° C to +85°C, Unless 
Otherwise 
Specified) 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ.(" 
Max. 
Unit 


Supply 
Current 
Ice 
Vcc 
= 5.5 V (characters 
112 
170 
mA 


Power 
dissipation 
PT 
"5." or "B" displayed) 
560 
935 
mW 


Luminous 
intensity 
per 
LED 
I, 
Vee=5.0V, 
Tc=25°C 
32 
70 
!lcd 
(Digit 
average) 
(5.6) 


Logic 
low-level 
input 
voltage 
VIL 
0.8 
V 


Logic 
high-level 
input 
voltage 
VIH 
2.0 
V 


Enable 
low-voltage; 
data 
being 
VEL 
Vcc=4.5V 
0.8 
V 
entered 


Enable 
high-voltage; 
data 
not 
VEH 
2.0 
V 
being 
entered 


Blanking 
low-voltage; 
display 
., 


not 
blanked 
(71 
VBL 
0.8 
V 


Blanking 
high-voltage; 
display 
VBH 
3.5 
V 
blanked 
(71 


Blanking 
low-level 
input 
current 
(71 
IBL 
Vcc=5.5V. 
VBL=0.8V 
20 
!lA 


Blanking 
high-level 
input 
current 
(71 
ISH 
Vee=5.5V, 
VBH=4.5V 
2.0 
mA 
Logic 
low-level 
input 
current 
IlL 
Vec=5.5V, 
VIL=0.4V 
-1.6 
mA 


Logic 
high-level 
input 
current 
hH 
Vcc=5.5V. 
VIH-2.4V 
+250 
!lA 


Enable 
low-level 
input 
current 
IEL 
Vee=5.5V, 
VEL=0.4V 
-1.6 
mA 
Enable 
high-level 
input 
current 
IEH 
Vcc=5.5V. 
VEH=2.4V 
+250 
!lA 


Peak 
wavelength 
ApEAK 
Tc - 25°C 
655 
nm 
Dominant 
Wavelength 
(81 
Ad 
Tc = 25°C 
640 
nm 
Weight 
0.8 
gm 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 0JA = 50'C/W; 
0JC = 
15'C/W; 2. 0CA of a mounted display should not exceed 35'C/W 
tor operation up to TC =+85'C. 3.Voltage values are with respect to device 
ground, pin 6. 4. All typical values at VCC = 5.0 Volts. TA = 25' C. 5. These displays are categorized for luminous intensity with the intensity 
category designated by a letter located on the back of the display contiguous 
with the Hewlett-Packard 
logo marking. 6. The luminous 
intensity at a specific case temperature. 
Iv(T C) may be calculated from this relationship: 
Iv(T cl = Iv (25' C) e [-0.01881' C(T C-25'C)] 


7. Applies only to 7340. 8. The dominant wavelength, Ad, is derived from the CIE chromaticity 
diagram and represents the single 
wavelength which defines the color of the device. 


Pin.";~ 
0.5 


Vcc 
Vcc '" 5.0 
tsETuP 
tHOLD 
ENABLE 
5 
I 
Tc = 25 C 
« 
DATA INPUT 
E 
0.' 
{LOW LEVEL DATAl 


~ 


LOGIC 
8_X1 
l_X2 
~ 
/ 


1.5V 
INPUT 
2-X4 
LATCH 
f-- 
MATRIX 
~ 
3-X8 
MEMORY 
DECODER 
0.3 
OP[21 '~OP 
a 
/ 


DATA INPUT 
1.5V 
1.5V 
I 
~ 
/ 
(HIGH LEVEL DATA) 
~ 0.' 
1li'TLH 


OP 
~ 
/ 
ENABLE 
/ 
INPUT 
BLANKING!31 
lEO 
lED 
MATRIX 
~ 
" 


0.1 
1.5V 


"'" 


~90% 
CONTROL 
4_ 
DRIVER 
MATRIX 
V 
~~- 
0 
/"" 


GROUND 
'~ 


1 
, 
3 
• 
5 


Va - BLANKING 
VOLTAGE - V 


Figure 1. Timing Diagram 01 5082-7300 
Figure 2. Block Diagram 01 5082-7300 
Figure 3. Typical Blanking Control 


Series Logic. 
Series Logic. 
Current vs. Voltage lor 5082-7340. 


0.35 
Vcc '""50 V 
- 
-1.8 
_ 
Tc '""25 C 
.1.8 
_Tc"'~~C 


""'" 
VE '" 0 V 
« 
Vcc" 
5.0V 
Vcc "5.0V 
E 
« 
0.30 
VIN ••OV_ 
- 
-1.6 
« 
·1.6 
E 
............ 
~ 
E 
I"'--.... 
z 
-1.4 
-1.4 
~ 0.25 
~ 
~ 


~ 
VB ~ 4.5 V 
.•............. 
~ -1.2 
~ 


-1.2 
-- 


a 


a 


0.20 ----.L 


-1.0 
a 
.1.0 
m 


" 
« 
u 
z 
0.15 
- 
a; 
-0.8 
...•...• 
<:; 
-0.8 
..••.. 
~ 
Va ~ 3.5 V-- 


13 
g 


~ 


-0.6 
-0.6 
0.10 
3 
\ 
z 
\VE" oy 
-0.4 


\ 


·0.4 


V, <5V\ 
I 
!E 0.05 
'" 
Vs-0.8V 
-0.2 
\ 


-0.2 
I 
I 
0 
0 
0 
·'0 
0 
20 
.0 
'0 
ao 
90 
1.0 
'.0 
3.0 
'.0 
0.5 
1.0 
'.0 
3.0 
'.0 


Tc - CASE TEMPERATURE - 
C 
VE - LATCH ENABLE VOLTAGE - V 
VIN - LOGIC VOLTAGE - V 


Figure 4. Typical Blanking Control 
Figure 5. Typical Latch Enable Input 
Figure 6. Typical Logic and Decimal 


Input 
Current 
vs. Temperature, 
Current vs. Voltage lor the 5082- 
Point Input Current vs. Voltage lor 


5082-7340. 
7300 Series Devices. 
the 5082-7300 Series Devices. 
Decimal Point Applies to 5082-7300 
and -7302 Only. 


TRUTH TABLE 


BCD DATAI1] 


X, 
X. 
X, 
X, 


5082-730017302 
5082-7340 


l 
l 
l 
l 


l 
L 
l 
H 


l 
l 
h 
l 


l 
L 
H 


... 


H 
..... 


l 
H 
l 
l 


l 
H 
l 
H 


l 
H 
H 
l 


l 
H 
H 
H 


H 
l 
l 
l 


H 
l 
l 
H 


H 
l 
H 
l 


H 
l 
H 
H 
(BLANK) 


H 
H 
l 
l 
(BLANK) 


H 
H 
l 
H 


H 
H 
H 
l 
(BLANK) 
Notes: 


H 
H 
H 
H 
(BLANK) 
1. H = Logic High; L = Logic Low. With the enable input at logic high 


DECIMAL 
PT.121 
ON 
Vop - L 
changes in BCD input logic levels or D.P. input have no effect upon 


OFF 
voP '" H 
display memory, displayed character, or D.P. 


LOAD DATA 
VE 
l 
2. The decimal point input, Dp, pertains only to the 5082·7300 and 


ENABLEU] 
5082-7302 displays. 


LATCH DATA 
V, 
-H 
3. The blanking 
control 
input, 
B. pertains only to the 5082-7340 


BLANKINGl31 


DISPLAY·ON 
va 
- l 
hexadecimal display 
Blanking input has no effect upon display 
DISPLAY·OFF 
v, 
-H 
memory. 


I·: 
. - 


Solid State Over Range Display 


For display 
applications 
requiring 
a ±, 1, or decimal 
point designation, 
the 5082-7304 over range display 
is available. 
This 


display 
module 
comes in the same package as the 5082-7300 series numeric 
display 
and is completely 
compatible 
with it. 


package Dimensions 
I 


FRONT 
REAR 
SIDE 
END 


I 
102 
X I 


PIN 
FUNCTION 


-1.400)1: 
.-- 
1-=.-1--0.,0, 
1 
Plus 
~~..;.~ 


~., 
2 
Numeral 
On. 


~ 
rmm 
IT 


, 
SEATING 
(.15) 
(.06) 
3 
Numeral 
On. 
-r'I.: - 
• 1.5 
I 


PLANE 
~ 
3.' 
-, 
.11.061 
ITltIJ 
~' '-If 


4 
OP 


7.' 
4.' 
' , 
.........•..SEATING 
5 
Open 


(.29) 
f~ -:---'- 


• 
14.0 
5082 
15.2 
PLANE '.~; 
j ~ 
--II--°loi:'~~ 


6 
Open 
, 
:,J... 
(~.:, 
lOSS) T 


7304 
T 


7 
V" 


19 5~11'" -'- 
YYWW 
-.:: 
DATE 
CODe 
a 
Minu,iPTus 
0.3 ~O.08TYP. 


.07Se t-- 
3' 
'PINl 
KEY 
(.012 '.003) 
2.5·.13 
TYP. 
(0.15). 
Un 


2. 
I f.:~+ 


(.10 !.OOS) 


LJl.JlJl..J 
a:j~~ 


l.l1)==! 4.3 


NOTES; 
1.11) 


1. 
DIMENSIONS 
IN 
MILLIMETERS 
AND 
(INCHES!. 


2. 
UNLESS 
OTHERWISE 
SPECIFIED, 
THE 
TOLERANCE 
5082·7304 
ON 
All 
DIMENilONS 
IS 
'0.38 
MM 
(!0.Q15 
INCHES). 


TRUTH 
TABLE FOR 5082·7304 


CHARACTER 
PIN 
., '" 
r---------- 
-----------, 


1 
2.3 
4 
8 
I 


!l;UMERAL 
ONE 
MINUS 
PLUS 
PLUS 
I 
~ 


+ 
H 
X 
X 
H 
I 
" 


I 


I , 
, 
" 
, 
, 
I 
- 
L 
X 
X 
H 
1 
H 
I 
, 
" 
, 
I 
x 
x 
x 
I 
Decimal 
Point 
X 
X 
I 
H 
X 
I 
L._ 
-- 
I 
Blank 
L 
L 
L 
L 
L _ 
--- 
---- 
- --- ~--- 
--~ 
.) 
•7 
., 
.. 
., 


NOTES: 
L: 
Line switching 
transistor 
in Fiqure 
7 cutoff. 
S60~! 
10011 
S60H 
ISOH 
15011 


H: 
Line switching 
transistor 
in Figure 
7 saturated. 
X: 
'Don't 
care' 


~ 
-=- 
-=- 
-=- 
Recommended Operating 
Conditions 
Figure 7.Typical Driving Circuit for 5082-7304 


SYMBOL MIN NOM MAX UNIT 
Absolute 
LE 0 supply voltage 
VCC 
4.5 
5.0 
5.5 
V 
Maximum Ratings 


Forward 
current, 
each LEO 
IF 
5.0 
10 
mA 
DESCRIPTION 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE: 
Storage temperature, 
ambient 
TS 
-40 
+100 
·C 
LED current 
must 
be externally 
limited. 
Refer to Figure 
7 
Operating 
temperature, 
case 
TC 
-20 
+85 
·C 
for 
recommended 
resistor values. 


Forward 
current, 
each LED 
IF 
10 
mA 


Reverse voltage, each LED 
VR 
4 
V 


Electrical/Optical Characteristics 


5082-7358 
(Tc = -20°C 
to +85°C; Unless Otherwise 
Specified) 


DESCRIPTION 
SYMBOL 
T EST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Forward 
Voltage 
per LED 
VF 
IF = 10 mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF = 10 mA 


all diodes lit 
250 
320 
mW 


Luminous 
I ntensity 
per LED (digit average) 
Iv 
IF - 6 mA 
32 
70 


Tr = 25°C 
!led 


Peak wavelength 
Apeak 
Tr 
= 25°C 
655 
nm 


Dominant Wavalength 
Ad 
TC= 250C 
640 
nm 


Weight 
0.8 
gm 


(h~ 
HEWLETT 
PACKARD 


Features 


• 
CERAMIC/GLASS 
PACKAGE 


• 
ADDED 
RELIABILITY 


• 
NUMERIC 
5082-7356/-7357 
0-9, Test State, Minus Sign, Blank States, 
Decimal 
Point 
7356 Right Hand D.P., 
7357 Left Hand D.P. 


• 
HEXADECIMAL 
5082-7359 


0-9, A-F, Base 16 Operation, 
Blanking 
Control, 


Conserves 
Power, No Decimal 
Point 


• 
TTL COMPATIBLE 


• 
INCLUDES 
DECODER/DRIVER 
WITH MEMORY 
8421 Positive Logic Input 


• 
4 x 7 DOT MATRIX ARRAY 
Shaped Character, 
Excellent 
Readability 


• 
STANDARD 
DUAL-IN-LINE 
PACKAGE 
15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


Description 


The 
HP 5082-735X 
series solid 
state numeric 
and 
hexa- 


decimal displays with on-board 
decoder/driver 
and memory 
provide 
7.4 mm 
(0.29 inch) 
displays 
for 
use in adverse 


industrial 
environments. 


The 
5082-7356 
numeric 
display 
decodes 
positive 
8421 
BCD 
logic 
inputs 
into 
characters 
0-9 
"-" 
sign, 
a test 
pattern, 
and four 
blanks 
in the invalid 
BCD 
states. 
The 
unit employs 
a right-hand 
decimal 
point. 


t 


'0.2MAX'j 
7357 
(.400) 


11 


1.' 
(.291 


13.5 


~I 


SIDE 
VIEW 
I 
IT 
15.2 
1.8001 


0.310.08 TYP. 
(.012 ~.003) 


12i~l--jJ-I -+ 


-11.1711- 


HEXADECIMAL AND 
NUMERIC DISPLAYS 


FOR INDUSTRIAL 
APPLICATIONS 


5082-7356 
5082-7357 
5082-7358 
5082-7359 


• 


. 
: 


. - 
The 5082-7357 is the same as the 5082-7356, except 
that 


the decimal 
point 
is located 
on the left-hand 
side of the 


digit. 


The 5082-7359 hexadecimal 
display decodes 
positive 8421 


logic 
inputs 
into 
16 states, 
0-9 and 
A-F. In place 
of the 


decimal 
point an input is provided 
for blanking 
the display 


(all LED's off), without 
losing the contents 
of the memory. 


Applications 
include terminals and computer 
systems using 


the base-16 character 
set. 


The 
5082-7358 
is a (±1) 
overrange 
display 
including 
a 


right-hand 
decimal 
point. 


Typical applications 
include 
control 
systems, 
instrumenta- 


tion, 
communication 
systems, 
and transportation 
equip- 
ment. 


Input 2 
Input 2 


Input 4 H,nput 
4 


~ 
I~ 


Decimal 
Blanking 


point 
. 
control 
latch 
Latch 
enable 
enable 


Ground 
Ground 


~ 
V 


Input 
1 
Input 
1 


~ 


"1.5 
SEATING 
1.151 
(.06) 


PLANE 
I 
3 .• 


~l 
I 
--...i..l.1J51 


13TvpJ~,Q~,-II~'TVP 
(.0501 
--j 
(.020 •.003) 


2,5 
'.13 
TYP. 
{.lO -.0051 


NOTES: 
t. 
Dimensions 
in millimeters 
and (inches). 


2. 
Unless 
otherwise 
specified, 
the tolerilnce 


on all dimensions 
is .! O.38mm (:to.Ol5 
in.) 


3. 
Digit center 
line is !. O.25mm 
(!.O.Ol in.) 


from 
package 
center 
line. 


Absolute Maximum Ratings 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage 
temperature. 
ambient 
Ts 
-65 
+125 
°C 


Operating 
temperature. 
ambient 
(1.2) 
TA 
-55 
+100 
°C 


Supply 
voltage 
I») 
Vee 
-05 
+7.0 
V 


Voltage 
applied 
to input 
logic, 
dp and 
enable 
pins 
V[,VDP.VE 
-0.5 
+7.0 
V 


Voltage 
applied 
to blanking 
input(7) 
VB 
-0.5 
Vee 
V 


Maximum 
solder 
temperature 
at 1.59mm 
(.062 
inch) 
260 
°C 
below 
seating 
plane; 
t ,;:;;5 seconds 


Recommended 
Operating Conditions 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
TA 
-55 
+85 
°C 


Enable 
Pulse 
Width 
tw 
100 
nsec 


Time 
data 
must 
be held 
before 
positive 
transition 
tSETUP 
50 
nsec 
of enable 
line 


Time 
data 
must 
be held 
after 
positive 
transition 


tl/OLD 
50 
nsec 
of enable 
line 


Enable 
pulse 
rise time 
hLH 
200 
nsec 


Electrical/Optical Characteristics 
(T A = -55° C to +85° C, Unless 
Otherwise 
Specified) 


Description 
Symbol 
Test Conditions 
Min. 
Typ.I') 
Max. 
Unit 


Supply 
Current 
Ice 
Vcc = 5.5 V (characters 
112 
170 
mA 


Power 
dissipation 
PT 
"5." or "B" displayed) 
560 
935 
mW 


Luminous 
intensity 
per 
LED 
I, 
Vee=5.0V, 
TA=25°C 
40 
85 
!Lcd 
(Digit 
average) 
",6) 


Logic 
low-level 
input 
voltage 
VII. 
0.8 
V 


Logic 
high-level 
input 
voltage 
VIii 
2.0 
V 


Enable 
low-voltage; 
data 
being 
VEL 
Vee=4.5V 
0.8 
V 
entered 


Enable 
high-voltage; 
data 
not 
VEH 
2.0 
V 
being 
entered 


Blanking 
low-voltage; 
display 
VBI. 
0.8 
V 
not 
blanked(7) 


Blanking 
high-voltage; 
display 
VBH 
3.5 
V 
blanked 
(7) 


Blanking 
low-level 
input 
current 
(7) 
IBI. 
Vee=5.5V, 
VBL=0.8V 
50 
!LA 


Blanking 
high-level 
input 
current 
(7) 
IBH 
Vee=5.5V, 
VBH=4.5V 
1.0 
mA 


Logic 
low-level 
input 
current 
1[1. 
Vee=5.5V, 
V[I.=0.4V 
-1.6 
mA 


Logic 
high-level 
input 
current 
IIH 
Vee=5.5V, 
V1H=2.4V 
+100 
!LA 


Enable 
low-level 
input 
current 
lEi. 
Vee=5.5V, 
VEI.=0.4V 
-1.6 
mA 


Enable 
high-level 
input 
current 
IEli 
Vee=5.5V, 
VEH=2.4V 
+130 
!LA 


Peak 
wavelength 
,,"PEAK 
TA=25°C 
655 
nm 


Dominant 
Wavelength 
I') 
Ad 
TA=25°C 
640 
nm 


Weight 
1.0 
gm 


Notes: 
1. Nominal 
thermal 
resistance 
of a display 
mounted 
in a socket which 
is soldered 
into a printed 
circuit 
board: 
8JA=5(J'CIW; 


eJe=15°CIW; 
2. eeA of a mounted 
display should not exceed 35°CIW 
for operation 
up to TA=+1 OO"C. 3. Voltage values are with respeclto 


device ground. 
pin 6. 4. All typical values at Vee=5.0 Volts, TA=25°C. 
5. These displays are categorized 
for luminous 
intensity 
with the in- 


tensity 
category 
designated 
by a letter located 
on the back of the display 
contiguous 
with the Hewlett-Packard 
logo marking. 
6. The 


luminous 
intensity 
at a specific 
ambient 
temperature, 
Iv(T A). may be calculated 
from this relationship: 
Iv(T A)=lvl"o 
C) (.985) [TA-25°C] 


7. Applies 
only to 7359. 8. The dominant 
wavelength, 
Ad, is derived from the elE chromaticity 
diagram 
and represents 
the single wave- 
length which 
defines 
the color of the device. 


tSETUP 
tHOlO 
TRUTH TABLE 


DATA INPUT 
BCD DATAl'] 


5082·7356/7357 
5082·7359 
(LOW lEVEL 
DATA) 
v,:;--- 
X, 
I 
X. 
X, 
X, 


l.SV 


l 
l 
l 
l 


l 
l 
l 
H 


DATA INPUT 
l.SV 
~ 


l 
l 
H 
l 
(HIGH LEVEL DATA) 


ENABLE 
-II-'TCH 
l 
l 
H 
H 


INPUT 


90" 
l 
H 
l 
l 


1.5V 
'0% 
1.5V 


~ 
..~ 


l 
H 
l 
H 


l 
H 
H 
l 


l 
H 
H 
H 


Figure 1. Timing Diagram of 5082-735X 


H 
l 
l 
l 
..•.. 


Series logic. 
H 
l 
l 
H 


•••• 
H 
l 
H 
l 


H 
l 
H 
H 
(BLANK) 


Pin. 
H 
H 
l 
l 
(BLANK) 


Vcc ";~ 
H 
H 
l 
H 


ENABLE 
5~ 


H 
H 
H 
l 
(BLANK) 


LOGIC 
8_X1 
1_X2 
H 
H 
H 
H 
(BLANK) 


INPUT 
2-X4 
LATCH 
f- 
MATRIX 
3-X8 
MEMORY 
DECODER 
DECIMAL PT.12] 


ON 
VOP'" L 


DpI21 
4-DP 
OFF 
VOP - H 


LOAD DATA 
VE • l 


j 
ENABLE!l] 


LATCH DATA 
VE -H 
DP 
DISPLAY·ON 
V, 
'l 
BLANKINGl31 


BLANKINGU1 
lED 
lED 
DISPLAY·OFF 
V, 
'H 


MATRIX 
i-- 
CONTROL 
4_ 
DRIVER 
MATRIX 


GROUND 
• ---::L 
Notes: 
1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory. displayed character, or D.P. 


Figure 2. Block Diagram of 5082-735X 
2. The decimal point input, DP, pertains only to the 5082-7356 and 


Series logic. 
5082-7357displays. 
3. The blanking 
control 
input, 
8, pertains only to the 5082-7359 


hexadecimal display 
Blanking input has no effect upon display 


memory. 
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Figure 3. Typical Blanking Control 
Figure 4. Typical Blanking Control 
Figure 5. Typical latch 
Enable Input 


Current 
Y5. Voltage for 5082- 
Input Current 
Y5. Ambient 
Current 
Y5. Voltage. 


7359. 
Temperature for 5082-7359. 
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Figure 6. Typical logic 
and Decimal 
Point Input Current ys. 
Voltage. 


Figure 7. Typical logic 
and Enable 
low 
Input Current ys. 
Ambient Temperature. 


Figure 8. Typical logic 
and Enable 


High Input Current ys. 
Ambient Temperature. 


ELECTRICAL 


The 5082-735X series devices use a modified 4 x 7 dot 
matrix 
of 
light 
emitting 
diodes 
(LED's) 
to 
display 


decimal/hexadecimal 
numeric information. The LED's are 
driven by constant current drivers. BCD information 
is 
accepted by the display memory when theenable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the 
enable 
pulse 
rise time 
should 
not 
exceed 
200 
nanoseconds. 
Using the enable pulse width and data 
setup 
and 
hold 
times 
listed 
in 
the 
Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking 
control 
input on the 5082-7395 display 


blanks (turns off) the displayed hexadecimal information 
without disturbing 
the contents of display memory. The 
display is blanked at a minimum threshold level of 3.5 
volts. This may be easily achieved by using an open 
collector 
TTL gate and a pull-up resistor. For example, 
(1/6) 7416 hexinverter bUffer/driver and a 120ohm pull-up 
resistor 
will 
provide 
sufficient 
drive 
to 
blank 
eight 
displays. The size of the blanking pull-up resistor may be 
calculated 
from the following 
formula, where N is the 
number of digits: 


Rbi,",= (Vcc- 3.5V)/[N (1.0mA)] 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as is 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


The ESD susceptibility of these IC devices is Class A of 
MIL-STD-883 or Class 2 of DOD-STD-1686 and 000- 
HDBK-263. 


MECHANICAL 


These displays are designed for use in adverse industrial 
environments. 


These displays may be mounted by soldering directly to a 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100"C, it is important to 
maintain a case-to-ambient 
thermal resistance of less 


than 35°C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 


processing 
(up to 2 minutes in vapors at boiling) 
or 


Freon/alcohol mixtures formulated for room temperature 
cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 01-15, Genesolv DE-15. 


CONTRAST ENHANCEMENT 


The 5082-735Xdisplays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an 
appropriate 
contrast 
enhancement 
filter. 
Some 


suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H10Q-1605,3M Light Control Film 
and Polaroid HRCP Red Circular 
Polarizing Filter. For 


further information see Hewlett-Packard Application Note 
964. 


Solid State Over Range Display 


For display 
applications 
requiring 
a ±, 1, or decimal 
point 
designation, 
the 5082-7358 
over range display 
is available. 
This 
display 
module 
comes 
in the same package 
as the 5082-735X series numeric 
display 
and is completely 
compatible 
with it. 
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Figure 
9. 
Typical 
Driving 
Circuit. 


TRUTH 
TABLE 


CHARACTER 
PIN 


1 
2,3 
4 
8 


+ 
H 
X 
X 
H 


- 
L 
X 
X 
H 
1 
X 
H 
X 
X 


Decimal 
Point 
X 
X 
H 
X 


Blank 
L 
L 
L 
L 


NOTES: 
1. DIMENSIONS IN MILLIMETERS AND (INCHES). 
2. 
UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 


ON 
ALL 
DIMENSIONS 
IS 
±O.38 
MM 
(.!.O.015 
INCHES). 


PIN 
fUNCTION 


1 
Plus 


2 
Numeret 
One 
3 
NumeralOne 


4 
OP 
5 
Open 
6 
Open 


7 
V" 


8 
Minu$/Plus 
NOTES: 
L: 
Line switching 
transistor 
in Figure 
9 cutoff. 


H: 
Line switching 
transistor 
in Figure 
9 saturated. 


X: 
'Don't 
care' 


Electrical/Optical Characteristics 


5082-7358 
(TA 
= -55°C 
to +85°C, 
Unless Otherwise 
Specified) 


DESCRIPTION 
SYMBOl. 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Forward 
Voltage 
per LED 
VF 
IF = 10 mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF - 10 mA 


all diodes lit 
280 
320 
mW 


Luminous 
Intensity 
per LED (digit 
average) 
Iv 
IF = 6 mA 
40 
85 


Tr: = 25°C 
!,cd 


Peak wavelength 
Apeak 
Tr: = 25°C 
655 
nm 


Dominant 
Wavelength 
~d 
TC = 25°C 
640 
nm 


Weight 
1.0 
gm 


Recommended Operating 
Conditions 


NOTE: 


LED current 
must be externally 
limited. 
Refer to Figure 
9 


for 
recommended 
resistor 
values. 


MIN. 
-65 
-55 


MAX, 


+125 


+100 
10 
4 


UNIT 


°c 
°c 


mA 


V 


Storage temperature, 
ambient 


Operating 
temperature, 
ambient 


Forward 
current, 
each LED 


Reverse voltage, 
each LED 


I·: 
, - 


r/in- HEWLETT 
~e..PACKARD 


Features 


• THREE COLORS 
High-Efficiency 
Red 
Yellow 
High Performance Green 


• THREE CHARACTER 
OPTIONS 
Numeric 
Hexadecimal 
Over Range 


• TWO HIGH-EFFICIENCY 
RED OPTIONS 
Low Power 
High Brightness 


• PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 


• MEMORY 
LATCH/DECODER/DRIVER 
TTL Compatible 


• 4x7 DOT MATRIX CHARACTER 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• YELLOW AND GREEN CATEGORIZED 
FOR COLOR 
Typical Applications 


• 
INDUSTRIAL EQUIPMENT 


• 
COMPUTER PERIPHERALS 


• 
INSTRUMENTATION 


• 
TELECOMMUNICATION 
EQUIPMENT 


HEXADECIMAL 
AND NUMERIC 
DISPLAYS FOR INDUSTRIAL 
APPLICATIONS 


HIGH EFFICIENCYRED 
low 
Power 
HDSP-0760/0761/0762/0763 
High Brightness 
HDSP-0710/0711/0772/0773 
YEllOW 
HDSP-0860/0861/0862/0863 
GREEN 
HDSP-0960/0961/0962/0963 


Description 


These solid 
state display 
devices are designed 
and tested 
for use in adverse 
industrial 
environments. 
The character 


height is 7.4mm (0.29 inch). The numeric 
and hexadecimal 
devices 
incorporate 
an on-board 
IC that contains 
the data 


memory, 
decoder 
and display 
driver 
functions. 


The 
numeric 
devices 
decode 
positive 
BCD 
logic 
into 


characters 
"0-9", 
a "-" 
sign, 
decimal 
point, 
and 
a test 
pattern. 
The 
hexadecimal 
devices 
decode 
positive 
BCD 
logic into 16 characters, 
"0-9, A-F". An input is provided 
on 
the 
hexadecimal 
devices 
to blank 
the display 
(all LED's 


off) without 
losing 
the contents 
of the memory. 


The 
over 
range 
device 
displays 
"±1" 
and 
right 
hand 


• decimal 
point and is typically 
driven via external 
switching 
. transistors. 


Part Number 
Front 
HDSP- 
Color 
Description 
View 


0760 
Numeric, 
Right 
Hand 
DP 
A 
0761 
High-Efficiency 
Red 
Numeric, 
Left Hand 
DP 
B 
0762 
Low Power 
Hexadecimal 
C 
0763 
Over Range ±1 
D 
0770 
High-Efficiency 
Red 
Numeric, 
Right 
Hand 
DP 
A 


0771 
Numeric, 
Left Hand 
DP 
B 
0772 
High 
Brightness 
Hexadecimal 
C 
0763 
Over Range ±1 
D 
0860 
Numeric, 
Right 
Hand 
DP 
A 
0861 
Yellow 
Numeric, 
Left Hand 
DP 
B 
0862 
Hexadecimal 
C 
0863 
Over Range ±1 
D 


0960 
Numeric, 
Right 
Hand 
DP 
A 


0961 
Green 
Numeric, 
Left Hand 
DP 
B 
0962 
Hexadecimal 
C 
0963 
Over 
Range ±1 
D 


7~ 


NOTES 
Sin 
mlltlmetres 
and :~~~~~ 
Inch) 
1 Drm~n:~~~erIme 
IS ±O 38 mm 


2 
~~~ 
package 
center 
Im~, 
the tolerance 
on 
3 
Unless 
othecwlse 
~~Imm 
(±O 015 
mch) 


all dimensIOns 
I~ ~DSP-0960 series 
4 
HDSP-0B60 an 
m 


8 
15 
( 151 
(061 
34 
SEATING 
I 
(135) 


PLANE 
I 
I 
~ 
~ 
-~ 


I 
I 
05±008 
TYP 
1 3 TVP ] 
~---II- 
(0020 
'00031 
(050) 
~ 
1 
2 5 to 13 TYP 


----1 
(010 to 005) 
• 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage 
temperature, 
ambient 
Ts 
-65 
+100 
°C 


Operating 
temperature, 
ambient 
111 
- 
TA 
55 
+85 
°C 


Supply 
voltage 
[21 
Vcc 
-0.5 
+7.0 
V 


Voltage 
applied 
to input 
logic, 
dp and 
enable 
pins 
V,.VoP,V[ 
-0.5 
Vcc 
V 


Voltage 
applied 
to blanking 
input 
121 
VB 
-0.5 
Vcc 
V 


Maximum 
solder 
temperature 
at 1.59mm 
(.062 
incht 
260 
°C 
below 
seating 
plane; 
t,;;; 5 seconds 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
121 
Vcc 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
111 
TA 
-55 
+85 
°C 


Enable 
Pulse 
Width 
tw 
.100 
nsec 


Time 
data 
must 
be held 
before 
positive 
transition 
tSETUP 
50 
nsec 
of enable 
line 


Time 
data. must 
be held 
after 
positive 
transition 
tHOLD 
50 
nsec 
of enable 
line 


Enable 
pulse 
rise time 
hLH 
1.0 
msec 


Device 
Description 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Luminous 
Intensity 
per LED 
Iv 
65 
140 
!,cd 
HDSP-0760 


(Digit 
Average)13,41 


Series 
Peak 
Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelengthl51 
Ad 
626 
nm 


Luminous 
Intensity 
per LED 
Iv 
260 
620 
!'cd 
HDSP-0770 


(Digit 
Average)13,41 


Series 
Peak 
Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelengthl51 
Ad 
626 
nm 


Luminous 
Intensity 
per LED 
I~ 
215 
490 
!,cd 
HDSP-0860 


(Digit 
Average)13,4J 


Series 
Peak 
Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelengthl5.61 
Ad 
585 
nm 


Luminous 
Intensity 
per LED 
Iv 
298 
1100 
!'cd 
HDSP-0960 


(Digit 
Average)13,41 


Series 
Peak 
Wavelength 
APEAK 
568 
nm 


Dominant 
Wavelengthl5.61 
Ad 
574 
nm 


Notes: 
1. The nominal thermal resistance of a display mounted 
in a socket that is soldered onto a printed circuit 
board is R8JA=50° ClWldevice. 


The device package thermal 
resistance 
is R8J-PIN = 15°ClWldevice. 
The thermal 
resistance 
device pin-to-ambient 
through 
the PC 


bOl;lrd should not exceed 35° C/W/device for operation at TA = +85° C. 
2. Voltage 
values are with respect to device ground. 
pin 6. 
3. 
These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature 
of the device immediately 
prior to the light measurement is equal to 25° C. 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ.l7! 
Max. 
Unit 


Supply 
HDSP-0760 
Series 
Ice 
78 
105 


Current 
HDSP-0770 
Series 
mA 


HDSP-0860 
Series 
Vee = 5.5V 
120 
175 


HDSP-0960 
Series 
(characters 
"5." or 


Power 
HDSP-0760 
Series 
PT 
"B" displayed) 
390 
573 


Dissipation 
HDSP-0770 
Series 
mW 
HDSP-0860 
Series 
690 
963 


HDSP-0960 
Series 


Logic. 
Enable 
and 
Blanking 
VIL 
0.8 
V 
Low-Level 
Input 
Voltage 


Logic, 
Enable 
and 
Blanking 
VIH 
Vee = 4.5V 
2.0 
V 
High-Level 
Input 
Voltage 


Logic 
and 
Enable 
ilL 
Vee = 5.5V 
-1.6 
mA 
Low-Level 
Input 
Current 


Blanking 
Low-Level 
Input 
Current 
IBL 
VIL = 0.4V 
-10 
JlA 


Logic, 
Enable 
and 
Blanking 
IIH 
Vee = 5.5V 
+40 
JlA 
High-Level 
Input 
Current 
VIH = 2.4V 


Weight 
1.0 
gm 


Leak Rate 
5x1Q-a 
cc/sec I·: 
. - 


Notes: 
4. The luminous intensity at a specific operating ambient temperature, Iv (TA) may beapproximated from the foil owing expotential equation: 


Iv (TA = Iv (25°C) elk JTA· 2S'C'I. 


Device 
K 
HDSP-0760 Series 
-O.0131/oC 
HDSP-0770 Series 
HDSP-0860 Series 
-0.0112/oC 
HDSP-0960 Series 
-0.0104/" C 


5. The dominant 
wavelength, 
Ad, is derived from the CIE Chromaticity 
Diagram and is that singie wavelength which defines the color of 
the device. 
6. The HDSP-0860 and HDSP-0960 series devices are categorized as to dominant wavelength with the category designated by a number 
on the back side of the display package. 
7. Ail typical values at Vcc = 5.0V and TA = 25° C. 


operational Considerations 


ELECTRICAL 


These 
devices 
use a modified 
4 x 7 dot 
matrix 
of light 


emitting 
diode 
to display 
decimal/hexadecimal 
numeric 


information. 
The high efficiency 
red and yellow 
LED's are 
GaAsP epitaxial 
layer on a GaP transparent 
substrate. 
'rhe 


green 
LED's 
are GaP epitaxial 
layer on a GaP transparent 


substrate. 
The 
LED's 
are 
driven 
by 
constant 
current 
drivers, 
BCD 
information 
is 
accepted 
by 
the 
display 
memory 
when the enable 
line is at logic 
low and the data is 
latched 
when 
the enable 
is at logic 
high. 
Using 
the enable 


pulse 
width 
and 
data 
setup 
and 
hold 
times 
listed 
in the 
Recommended 
Operating 
Conditions 
allows 
data 
to be 


clocked 
into 
an array 
of displays 
at a 6.7 MHz rate. 


The decimal 
point 
input 
is active 
low true and this data is 
latched 
into 
the 
display 
memory 
in the 
same 
fashion 
as 


the BCD data. The decimal 
point 
LED is driven 
by the on- 


board 
IC. 


The 
blanking 
control 
input 
on the hexadecimal 
displays 


blanks 
(turns 
off) 
the 
displayed 
information 
without 


disturbing 
the contents 
of display 
memory. 
The display 
is 


blanked 
at a minimum 
threshold 
level of 2.0 volts. 
When 


blanked, 
the display 
standby 
power 
is nominally 
250 mW 


at TA = 25°C. 


The primary 
thermal 
path for power 
dissipation 
is through 
the device 
leads. Therefore, 
to insure 
reliable 
operation 
up 
to 
an ambient 
temperature 
of +85°C, 
it is important 
to 


maintain 
a 
cast-to-ambient 
thermal 
resistance 
of 
less 


than 
35° C watt/device 
as measured 
on 
top 
of 
display 


pin 3. 


Post solder 
cleaning 
may be accomplished 
using 
water, 


Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


processing 
(up 
to 
2 minutes 
in 
vapors 
at 
boiling) 
or 


Freon/alcohol 
mixutres 
formulated 
for room temperature 


cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 
DI-15, 
Genesolv 
DE-15. 


CONTRAST 
ENHANCEMENT 


These 
display 
devices 
are 
designed 
to 
provide 
an 
appropriate 
contrast 
enhancement 
filter. 
The 
following 


optimum 
ON/OFF 
contrast 
when 
placed 
behind 
an 
filters 
are suggested: 


Display 
Ambient 
Lighting 


Color 
Dim 
Moderate 
Bright 


HDSP-0860 
Series 
Panelgraphic 
Yellow 
27 
Polaroid 
HNCP 
37 
Polaroid 
Gray 
HNCP10 


Yellow 
Chequers 
Amber 
107 
3M Light 
Control 
Film 
HOYA Yellowish-Orange 


HLF-608-3Y 


Panelgraphic 
Gray 
10 
Marks 
Gray 
MCP-0301-8-10 


Chequers 
Grey 
105 
1--- 


HDSP-0760 
Series 
Panelgraphic 
Ruby 
Red 60 
Polaroid 
Gray 
HNCP10 


HDSP-0770 
Series 
Chequers 
Red 112 
HOYA Reddish-Orange 


High 
Efficiency 
Red 
HLF-608-5R 


Marks 
Gray 


MCP-0301-8-10 


Marks 
Reddish-Orange 


MCP-0201-2-22 


HDSP-0960 
Series 
Panelgraphic 
Green 
48 
Polaroid 
Gray 
HNCP10 


HP Green 
Chequers 
Green 
107 
HOYA Yellow-Green 
HLF-608-1G 


Marks 
Yellow-Green 
MCP-0101-5-12 


Over Range Display 
Absolute Maximum 
Ratings 


The 
over 
range 
devices 
display 
"±1" 
and 
decimal 
point. 
Description 
Symbol 
Min. 
Max. 
Unit 


The 
character 
height 
and 
package 
configuration 
are the 
Storage Temperature, 
Ts 
-65 
+100 
°C 
same 
as the numeric 
and hexadecimal 
devices. 
Character 
Ambient 


selection 
is obtained 
via 
external 
SWitching 
transistors 
Operating 
Temperature 
TA 
-55 
+85 
°C 
and 
current 
limiting 
resistors. 
Ambient 
Forward 
Current, 
IF 
10 
mA 
Each LED 
package Dimensions 
Reverse Voltage, 
VA 
5 
V 
Each LED 


I 
'02 
x 
I 
0 
-(.400)MA 
.- 
Pin 
Function 


1~,l.,A~ 
1 
Plus 


t 
1..- 
• 
1.5 


~ 


2 
Numeral 
One 


1--. 
1.061 
3 
Numeral 
One 


#7 
Vec 
= 5.QV 


7.4 
4.8 
• 
• I 
r---------- 
----------.., 


1291 1.'9) I-:-+-;T 
4 
DP. 
I 
NUMERAL 
ONE 
MINUS 
PLUS 
PLUS 
I 


jT 
8 
13.5 
r--'--o 
r--'--o 
.--'- TilT 


5. 
Open 
I 
d.p. 
I 


1.9 50 1-._ 
6 
Open 
I 
~ 
~ 
~7 
~ 
~ 
., 


I 


1.075C 1= 
3.3 
(0.13) 
7 
VCC 
I 
~ 
~ 
~ 
~ 
~7 
I 


"T'i l.fY 
8 
Minus/Plus 
I 
I 


I 
-- 
-- 
I 
FRONT VIEW 
L_ 
r-----< ---- 
--~ 
r---- 


__ 
...J 


#3 
#2 
#, 
#8 
#, 
Note: 
1. Dimensions 
in millimetres 
and (inches). 
R, 
R, 
R, 
A, 
R, 


Character 
Pin 
~ 
1 
2,3 
4 
8 


+ 
1 
X 
X 
1 
':' 
':' 
':' 


- 
0 
X 
X 
1 


1 
X 
1 
X 
X 


Decimal 
Point 
X 
X 
1 
X 
Figure 3. Typical Driving Circuit 


Blank 
0 
0 
0 
0 


Notes: 
0: Line switching 
transistor 
in Figure 7 cutoff. 


1 
Line switching 
transistor 
in Figure 7 saturated. 


X: 'don't care' 


Recommended 
operating 
Conditions 
Vcc = 5.0V 


Forward" 
Resistor 
Value 
Device 
Current 
Per 


LED, mA 
R, 
R, 
R3 


Low 
Power 
2.8 
1300 
200 
300 
HDSP-0763 
High 
8 
360 
47 
68 
Brightness 


HDSP-0863 
8 
360 
36 
56 
HDSP-0963 
8 
360 
30 
43 


Device 
Test Conditions 
Min. 
Typ. 
Units 


IF-2.8mA 
65 
140 
/lcd 
HDSP-0763 
IF = 8 mA 
620 
/lcd 


HDSP-0863 
IF = 8 mA 
215 
490 
/lcd 


HDSP-0963 
IF = 8 mA 
298 
1100 
/lcd 


Device 
Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


HDSP-0763 
Power 
Dissipation 
IF = 2.8 mA 
72 


(all 
LED's 
Illuminated) 
PT 
IF = 8 mA 
224 
282 
mW 


Forward 
Voltage 
IF - 
2.8 mA 
1.6 
per 
LED 
VF 
V 


IF = 8 mA 
1.75 
2.2 


HDSP-0863 
Power 
Dissipation 
PT 
237 
282 
mW 
(all 
LED's 
Illuminated 
I 


IF = 8 mA 


Forward 
Voltage 
VF 
1.90 
2.2 
V 
per 
LED 


HDSP-0963 
Power 
Dissipation 
PT 
243 
282 
mW 
(all 
LED's 
Illuminated 
I 


IF = 8 mA 


Forward 
Voltage 
VF 
1.85 
2.2 
V 
per LED 
I·: 
. - 


Hermetic Displays 


Flio- HEWLETT 
~~PACKARD 


Hermetic Displays 


Military Grade Displays 
Hewlett-Packard 
families of 
military grade numeric and 
alphanumeric 
LED displays are 
screened to the requirements 
of 
MIL-D-87157. MIL-D-87157 is 
the general specification for 
LED display devices and defines 
four screening levels for 
hermetic and nonhermetic 
devices, termed "Quality 
Levels". 


Quality Level A: Hermetic 
displays with 100% screening 
and Group A, B, and C 
testing. 


Quality Level B: Hermetic 
displays with Group A, B, 
and C testing, but without 
100% screening. 
Quality Level C: Nonhermetic 
displays with 100% screening 
and Group A, B, and C 
testing. 


Quality Level D: Nonhermetic 
displays with Group A, B, 
and C testing, but without 
100% screening. 


The 4N5X series single digit dot 
matrix numeric and hexadeci- 
mal displays are listed on the 
MIL-D-87157 Qualified Parts 
List (QPL) under the number 
series M871570010XAAX. 


Displays with TXV part 
numbers are 100% screened 
with Group A testing. Displays 
with TXVB part numbers are 
100% screened to Quality 
Level A 


The applicable MIL-D-87157 
screening tables are detailed on 
each display data sheet. 


High Reliability 
Displays 
In addition to Hewlett-Packard 
commercial solid state displays, 
Hewlett-Packard 
offers a com- 


plete line of hermetic packages 
for high reliability military and 
aerospace applications. These 
packages consist of numeric and 
hexadecimal 
displays, 5 x 7 dot 
matrix alphanumeric 
displays 
with extended temperature 
ranges, and fully intelligent 
monolithic 16 segment displays 
with extended temperature 
ranges and on board CMOS ICs. 
Similar to the commercial dis- 
play product selection, the high 
reliability display products are 
offered in a variety of character 
sizes and colors: standard 
red, 
high efficiency red, yellow, and 
high performance green. Orange 
displays are sometimes 
available upon request. 


Hewlett-Packard 
offers three 
different testing programs for 
the high reliability 
conscious 
display customer. These 
programs include DESC Qualifi- 
cation on the MIL-D-87157 for 
the hermetically 
sealed 4N51- 
4N54 hexadecimal 
and numeric 


displays; and two levels of in- 
house high reliability 
testing 
programs that conform or a 
modification to MIL-D-87157 
Quality Level A Test Tables for 
all other high reliability 
display 


products. Please refer to the 
individual data sheets for a 
complete description of each 
display's testing program. 


Integrated 
numeric and 


hexadecimal 
displays (with on- 


board ICs) solve the designer's 
decoding/driving 
problems. They 
are available in plastic packages 
for general purpose usage, 
ceramic/glass 
packages for 


industrial 
applications, 
and 
hermetic packages for high 
reliability 
applications. 
This 
family of displays has been 
designed for ease of use in a 
wide range of environments. 


Hewlett-Packard's 
line of Solid 
State Displays answers all the 
needs of the designer. From 


I 


smart alphanumeric 
displays to 
low cost numeric displays in 
sizes from 3 mm (0.15 in.) to 20 
mm (0.8 in.) and colors of red, 
AlGaAs red, high efficiency red, 
yellow, and high performance 
green, the selection is complete. 


Hewlett-Packard's 
5 x 7 dot 
matrix alphanumeric 
display 
line comes in three character 
sizes: 3.8 mm (0.15 in.), 5 mm 
(0.2 in.), and 6.9 mm (0.27 in.). 
In addition, there are now four 
colors available for each size: 
standard 
red, yellow, high 
efficiency red, and green. This 
wide selection of package sizes 
and colors makes these products 
ideal for a variety of applica- 
tions in avionics, industrial 
control, and instrumentation. 


The newest addition to HP's 
alphanumeric 
display line, the 
intelligent 
eight character, 
5.0 
mm (0.2 in.) alphanumeric 
display in the very flexible 5 x 7 
dot matrix font. Product 
features include a low power on- 
board CMOS IC, ASCII decoder, 
the complete 128 ASCII 
character 
set, and the LED 


drivers. In addition, an on-board 
RAM offers the designer the 
ability to store up to 16 user- 
definable characters, 
such as 
foreign characters, 
special 
symbols and logos. These 
features make it ideal for 
avionics, medical, telecommuni- 
cations, analytical equipment, 
computer products, office and 
industrial 
equipment 
applications. 


Also part ofHP's alphanumeric 
display line is the large (0.68 in. 
and 1.04 in.) 5 x 7 dot matrix 
alphanumeric 
display family. 
This family is offered in 
standard 
red, high efficiency 
red, AlGaAs red, and high 
performance green. These 
displays have excellent view- 
ability; the 1.04 inch character 
font can be read at up to 18 
meters (12 meters for the 0.68 
inch display). Applications for 
these large 5 x 7 displays 
include industrial 
machinery 
and process controllers, weigh- 
ing scales, computer tape drive 
systems, and transportation. 


Hewlett-Packard's 
line of 
numeric seven segment displays 
is one of the broadest. 
From low 
cost, standard 
red displays to 
high light ambient displays pro- 
ducing 7.5 mcdlsegment, 
HP's 
0.3 in., 0.43 in., 0.56 in., and 0.8 
in. characters 
can provide a 
solution to every display need. 
HP's product offering includes 
0.56 in. dual digit displays and 
a line of small package, bright 
0.3 in. displays 
- the 0.3 in. 
Microbright. HP's broad line of 
numeric seven segment displays 
is ideal for electronic instrumen- 
tation, industrial, 
weighing 
scales, point-of-sale terminals, 
and appliance applications. 
Included 
in HP's line of 
numeric seven segment displays 
is the Double Heterojunction 
AlGaAs red low current 
sun- 
light viewable display family. 
This family is offered in the 0.3 
in. Mini, 0.43 in., 0.56 in., and 
0.8 in. package sizes. These 
AlGaAs numeric displays are 
very bright at low drive 
currents-- 
typical intensity 
of 
650 mcdlsegment 
at 1 mAl 
segment drive. These displays 
are ideal for battery operated 
and other low power 
applications. 
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HDSP-2131 
5.0 mm (0.20 in.) 5 x 7 Eight 
HDSP-2131 TXV 
Character Smart Aphanumeric 
HDSP-2131 TXVB 
Display 


HDSP-2132 
Operating Temperature Range: 


HDSP-2132 TXV 
·SSOCto +85°C 
HDSp-2132 TXVB 


HDSP-2133 
HDSP-2133 TXV 
HDSP-2133 TXVB 


TXV - Hi Rei Screened 
TXVB - Hi Rei Screened to 
level A Mll·D-87157 


HDSP-2179 
HDSp-2179 TXV 
HDSP-2179 TXVB 


HMDl-2416 
4.1 mm (0.16 in.) Four 
HMDl-2416 TXV 
Character Monolithic 
HMDl-2416 TXVB 
Smart Alphanumeric Display 


Operating Temperature Range: 
-55°C to +100°C 


TXVB - Hi Rei Screened to 
level A Mll·D-87157 


HCMS-2351 
5.0 mm (0.20 in.) 5 x 7 Four 
HCMS-2351 TXV 
Character Alphanumeric 
HCMS-2351 TXVB 
Sunlight Viewable Display 


HCMS-2352 
CMOS IC 
HCMS-2352 TXV 
HCMS-2352 TXVB 
Operating Temperature Range: 
-55°C to +100°C 
HCMS-2353 
HCMS-2353 TXV 
TXV - Hi Rei Screened 
HCMS-2353 TXVB 
TXVB - Hi Rei Screened to 
HCMS-2354 
level A MiI-D·87157 
HCMS-2354 TXV 
HCMS-2354 TXVB 


High 
Efficiency 
Red 


High 
Performance 
Green 


AppllcaUon 


• MiI~ary Equipment 
• Mil~ary Avionics 
• Mil~ary Ground Support 
Systems 
• MiI~aryTelecommuni- 


cations 


Red 
• Mil~ary Equipment 
• High Reliability 
AppDcations 
• Mil~ary Telecommuni- 


cations 


High 
Efficiency 
Red 


High 
Performance 
Green 


• MiI~aryAvionics 
4--261 
• Mil~ary Cockp~ 
• Mil~ary Ground Support 
Systems 


Page 
No. 
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PIN 


HCMS·2010 
HCMS-2010 TXV 
HCMS-2010 TXVB 


DescrlpUon 


3.7 mm (0.15 in.) 5x7 
Four 
Charader Alphanumeric 
Red. Red 
Glass 
Contrast 
Fi~er 


HCMS-2011 
Operating Temperature Range: 
YeDow 
HCMS-2011 TXV 
·55°C to +100°C 
HCMS-2011 TXVB 


HCMS-2012 
HCMS-2012 TXV 
TXVB -'Hi Rei Screened to 
HCMS-2012 TXVB 
Level A MIL-D-87157 


HCMS-2013 
HCMS·2013 TXV 
HCMS-2013 TXVB 


HCMS-2310 
HCMS-2310 TXV 
HCMS-2310 TXVB 


5.0 mm (0.20 in.) 5 x 7 Four 
Charader Alphanumeric 


High 
Efficiency 
Red 


High 
Performance 
Green 


Standard 
Red 


HCMS-2311 
12 Pin Ceramic 6.35 mm 
Yenow 
HCMS-2311 TXV 
(0.25 in.) DIP with untinted 
HCMS-2311 TXVB 
glass lens 


HCMS-2312 
Operating Temperature Range: 


HCMS-2312 TXV 
-55°C to +100°C 
HCMS-2312 TXVB 


HCMS-2313 
HCMS-2313 TXV 
TXVB - Hi Rei Screened to 
HCMS-2313 TXVB 
Level A MIL·D-87157 


HCMS-2314 
HCMS-2314 TXV 
HCMS-2314 TXVB 


HDSP-2351 
HDSP-2351 TXV 
HDSP-2351 TXVB 


4.87 mm (0.19 in.) 5 x 7 Four 
Charader Alphanumeric 
Sunlight Viewable Display 


High 
Efficiency 
Red 


High 
Performance 
Green 


HDSP-2352 
Operating Temperature Range: 


HDSP-2352 TXV 
-55°C to +100°C 
HDSP-2352 TXVB 


HDSP-2353 
HDSP-2353 TXV 
HDSP-2353 TXVB 


High 
Efficiency 
Red 


High 
Performance 
Green 


AppllcaUon 


• Extended temperature 
applications requiring 
high reliabil~y. 


·IKHerminals 
• Avionics 


• Mil~ary Equipment 
• Avionics 
• High Rei Industrial 
Equpment 


• Mil~ary Avionics 
• Mil~ary Cockp~ 
• Mil~ary Ground Support 
Systems 


Page 
No. 
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Page 
Device 
PiN 
Descrlption 
Color 
Application 
No. 


HDSP-2010 
3.7 mm (0.15 in.) 5 x 7 Four 
Red, Red 
- Extended temperature 
* 
,-, 
HDSP-2010 TXV 
Character Alphanumeric 
Glass 
applications requiring 


11[" 
'-JII 
' 
, 
, , , 
, 
, 
, 
HDSP·2010 TXVB 
Contrast 
high reliabil~y 


L_J 
~~J ' ., 
' 
, 
, 
, 
~_.: 
Operating Temperature Range: 
Fi~er 
- I,Q Termilals 


-40°C to +85°C 
- Avionics 


TXV - Hi Rei Screened 
For further information see 
Application Nole 1016. 


TXVB - Hi Rei Screened to 
Level A MIL·D-87157 


HDSp·2310 
5.0 mm (0.20 in.) 5 x 7 Four 
Standard 
- Mil~ary Equipment 
* 
1:"; 


,~.. ~._, 


"I 


HDSP-2310 TXV 
Character Alphanumeric 
Red 
- Avionics 
, 
, 
, 
, 


~ •• 
J 
~._. 
HDSP-2310 TXVB 
- High Rei Industrial 
••• _J 


12 Pin Ceramic 6.35 mm 
Equpment 
HDSP-2311 
(0.25 in.) DIP with untinted 
Yellow 
HDSp·2311 TXV 
glass lens 
HDSP-2311 TXVB 
Operating Temperature Range: 


HDSp·2312 
·55°C to +85°C 
High 
HDSp·2312 TXV 
Efficiency 
HDSP-2312 TXVB 
True Hermetic Seal 
Red 


HDSP-2313 
TXV - Hi Rei Screened 
High 
HDSp·2313 TXV 
Perlormance 
HDSp·2313 TXVB 
TXVB - Hi Rei Screened to 
Green 
Level A MIL-D-87157 


HDSp·2450 
6.9 mm (0.27 in.) 5 x 7 Four 
Red 
- MiI~ary Equipment 
* 
HDSP-2450 TXV 
Character Alphanumeric 
- High Reliability 
r---, 
r---' 
r---, 
~---i 
HDSP-2450 TXVB 
Applications 
: 
: 
' 
, 
, 
, 
t__J 
L__J 
' 
, 
28 Pin Ceramic 15.24 mm 
-Avionics 
, 
, 


1- ___ 
••• 
l __ .J 


HDSP-2451 
(0.6 in.) DIP 
Yellow 
- Ground Support, Cockpit, 


HDSp·2451 TXV 
Shpboard Systems 
HDSP-2451 TXVB 
Operating Temperature Range: 
·55°C to +85°C 
HDSP-2452 
High 
HDSP-2452 TXV 
True Hermetic Seal 
Efficiency 
HDSP·2452 TXVB 
Red 
TXV - Hi Rei Screened 
HDSP-2453 
High 
HDSp·2453 TXV 
TXVB - Hi Rei Screened to 
Performance 
HDSP-2453 TXVB 
Level A MIL-D-87157 
Green 


Ne~ HDSP-6650 
5.0 mm (0.2 in.) 
Orange 
-Avionics 
4-217 
18~.~ 
HOSP""", "'V 
5 X 7 Four Character 
- Mil~ary 
Dot Matrix 
- High End 
Hm mH Hm mH Ne~ 
HDSP-6650 TSVB 
Fully Intelligent Display 
-Industrial 
::::: ::::: ::::: ::::: Ne* 
HDSP·6651 
Operating Temperature Range: 
Yellow 
NeW HDSP-6651 TXV 
-55°C to +85 °C 
Ne~ HDSP-6651 TXVB 


Ne~ 
HDSP-6652 
High 
NeW HDSP-6652 TXV 
Efficiency 
Ne~ 
HDSP-6652 TXVB 
Red 


Ne~ HDSP-6653 
Green 
NeW HDSP-6653 TXV 
Ne~ 
HDSP-6653 TXVB 


* Contact your local HP Sales Representative for information regarding this product (See Section 9). 
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Device 
PIN 
Description 
Package 
Application 
No. 


4N51 
Numeric RHDP 
8 Pin Hermetic 
• Milhary High Reliability 
4-273 


4N51TXV 
Decoder/DriveriMemory 
Built-in 
Appticalions 
[J 


JM87157/00101AAX1') 
TXV - Hi Rei Screened 
15.2 mm (0.6 in.) 
• Avionicsf.)pace 
Flight 
· . 
(4N51TXVB) 
DIP whh gold 
Systems 


(Al 
plated leads 
• Fire Control Systems 
• Ground Support, 


4N52 
Numeric LHDP Built-in 
Shpboard 
Equipment 


4N52TXV 
Decoder/DriveriMemory 
(AI 
JM871571OO102AAX11) TXV - Hi Rei Screened 


(4N52TXVB) 
[J 


(B) 
· . 
4N54 
Hexadecimal Built-in 


4N54TXV 
Decoder/DriveriMemory 
JM871571OO104AAXll) 
TXV - Hi Rei Screened 


(8) 
(4N54TXVB) 


(C) 
[J 


4N53 
Character PlusiMinus Sign 
· . 
4N53TXV 
JM871571OO1Q3AAX1'! 
TXV - Hi Rei Screened 
(4N53TXVBl 
(D). 


leI 
HDSP-0781 
Numeric RHDP, Buih-in 
High Efficiency 
• Ground, Airborne, 
4-281 


(Al 
Decoder/Driver Memory 
Red 
Shpboard 
Equipment 
EJ 


HDSP-0781 
TXV Hi Rei Screened 
Low Power 
• Fire Control Systems 
· . 
· . 
TXV 
TXVB Hi Rei Screened 
• Spaoe Flight Systems 
.....· . 
· . 
HDSP-0781 
to Level A Mil-D-87157 
• Other High Reliability 
. 
TXVB 
Uses 


IDJ 
HDSP-0782 
Numeric LHDP, Buih-in 
(B) . 
Decoder/Driver Memory 
HDSP-0782 
TXV Hi Rei Screened 
TXV 
TXVB Hi Rei Screened 
HDSP-0782 
to Level A Mil-D-87157 
TXVB 


HDSP-0783 
Overrange ±1 
(D) 
TXV Hi Rei Screened 
HDSP-0783 
TXVB Hi Rei Screened 
TXV 
to Level A Mil-D-87157 
7.4 mm (0.29 in.) 
HDSP-0783 
4 x 7 Single Digh 
TXVB 
Package 
8 Pin Glass Ceramic 
HDSP-0784 
Hexadecimal, Built-in 
15.2 mm (0.6 in.) DIP 
(C) 
Decoder/Driver Memory 
HDSP-0784 
TXV Hi Rei Screened 
Truly Hermetic 
TXV 
TXVB Hi Rei Screened 
HDSP-0784 
to Level A Mil-D-87157 
TXVB 


Page 


Device 
PIN 
Description 
Package 
Appllcetlon 
No. 


HDSP-0791 
Numeric RHDP, Bui.~n 
High Efficiency 
• Ground, Airborne, 
4-281 


(A) 
DecoderlDriver Memory 
Red 
Shipboard Equ~enl 


HDSP-0791 
TXV Hi Rel Saeened 
High Brightness 
• Rre Control Systems 


TXV 
TXVB Hi Rei Screened 
• Space Right Syslems 


HDSP-0791 
to Level A Mil·[).87157 
• Other High Reliabi~y 


TXVB 
Uses 


HDSP-0792 
Numeric LHDP, Bui.~n 
(B) 
DecoderlDriver Memory 
HDSP-0792 
TXV Hi Rel Saeened 
TXV 
TXVB Hi Rei Screened 
HDSP-0792 
to Level A Mil-[).87157 
TXVB 


HDSP-0793 
Overrange ±1 


(D) 
TXV Hi Rei Saeened 
HDSP-0793 
TXVB Hi Rei Screened 
I 


TXV 
to Level A Mil·[).87157 
HDSP-0793 
TXVB 


HDSP-0794 
Hexadecimal, Buih~n 
(C) 
DecoderlDriver Memory 
HDSP-0794 
TXV Hi Rel Saeened 
TXV 
TXVB Hi Rei Saeened 
HDSP-0794 
to Level A Mil-[).87157 
TXVB 


HDSP-0881 
Numeric RHDP, Bui.·in 
Yelow 
(A) 
DecoderlDriver Memory 
HDSP-0881 
TXV Hi Rel Saeened 
TXV 
TXVB Hi Rei Saeened 
HDSP-0881 
to Level A Mil·[).87157 
TXVB 


HDSp·0882 
Numeric LHDP, Bui.·in 
(B) 
DecoderlDriver Memory 
HDSP-0882 
TXV Hi Rei Saeened 
TXV 
TXVB Hi Rei Screened 
HDSp·0882 
to Level A Mil-[).87157 
TXVB 


HDSP-0883 
Overrange ±1 
(D) 
TXV Hi Rei Saeened 
HDSP-0883 
TXVB Hi Rei Screened 
TXV 
to Level A Mi~[).87157 
7.4 mm (0.29 in.) 
HDSP-0883 
4 x 7 Single Dig~ 
TXVB 
Package 
8 Pin Glass Ceramic 
HDSP-0884 
Hexadecimal, Buih-in 


15.2 mm (0.6 in.) DIP 
(C) 
DecoderlDriver Memory 
HDSP-0884 
TXV Hi Rei Saeened 
Truly Hermetic 
TXV 
TXVB Hi Rei Screened 
HDSP-0884 
to Level A Mi~[).87157 
TXVB 


• 
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Device 
PIN 
Description 
Package 
Application 
No. 


HDSP-0981 
Numeric RHDP, Bui~-in 
High 
• Ground. Airborne. 
4-281 
(A) 
Decoder/Driver Memory 
Perlormance 
Shpboard Equipment 
HDSP-0981 
TXV Hi Rei Screened 
Green 
• Fire Control Systems 
TXV 
TXVB Hi Rei Screened 
• Space Flight Systems 
HDSP-0981 
to Level A Mil·D-87157 
• Other High Reliabi~y 
TXVB 
Uses 


HDSP-0982 
Numeric LHDP, Buitt-in 
(B) 
Decoder/Driver Memory 
HDSP-0982 
TXV Hi Rei Screened 
TXV 
TXVB Hi Rei Screened 
HDSP-0982 
to Level A Mil-D-87157 
,. 


TXVB 


HDSP-0983 
Overrange ±1 
(e) 
TXV Hi Rei Screened 
HDSP-0983 
TXVB Hi Rei Screened 
- 


TXV 
to Level A Mil-D-87157 
HDSP-0983 
7.4 mm (0.29 in.) 
TXVB 
4 x 7 Single Dig~ 
Package 
HDSP-0984 
Hexadecimal, Bui~-in 
- 


8 Pin Glass Ceramic 
(D) 
Decoder/Driver Memory 
15.2 mm (0.6 in.) DIP 
HDSP-0984 
TXV Hi Rei Screened 
TXV 
TXVB Hi Rei Screened 
Truly Hermetic 
HDSp·0984 
to Level A Mil-D-87157 
T)(VR 
.. 


FkiJI HEWLETT 
~/' ..•• PACKARD 
-~--- 
Four Character 5 mm 
Hermetic 5x7 Alphanumeric 
Displays for Avionic 
Applications 


Features 
• Readable 
in 8000 fc 
Daylight 
with Filter 
• Wide 60° Viewing 
Angle 
• Glass/Ceramic 
Hermetic 
Package 
• Operating 
Temperature 
Range: 
-55°C to +85°C 
• TXVB Version 
Conforms 
to 
MIL-D-87157, Quality 
Level A 
• On-Board 
CMOS IC 
• Data RAM, Decoder, 
LED 
Drive 
Circuitry 
• 128 ASCII Character 
Set 
• Dimming 
and Blanking 


Description 
These devices are hennetic, 
5.0 
mm (0.20 in.) high, four charac- 
ter, 5 x 7 dot matrix alphanu- 
meric LED displays designed 
specifically for use in avionic 
systems, both commercial and 
military. These displays are also 
ideal for use in other non- 
avionic high reliability and 
military applications. When 
used with the proper contrast 
enhancement 
filter, these 
displays are readable in an 8000 
fc daylight ambient. Each 
display has an on-board CMOS 
IC that decodes and stores 7 bit 
ASCII data and drives the LED 
matrix within each character. 
The IC may be interfaced to a 
microprocessor by connecting 
the inputs directly to the 
microprocessor address and 


HDSP·665XITXV1TXVB 
Series 


data buses. Display blanking 
and eight levels of dimming are 
software controlled. 


For military applications, TXV 
and TXVB screening per MIL- 
D-87157 is available. The 
HDSP-6651/6653/6650 displays 
are suitable for use in NVG 
lighting applications. 


Yellow 
High Efficiency 
Red 
High Performance 
Green 
Orange 


HDSP-6651 
HDSP-6652 
HDSP-6653 
HDSP-6650 


HDSP-6651TXV 
HDSP-6652TXV 
HDSP-6653TXV 
HDSP-6650 TXV 


HDSP-6651TXVB 
HDSP-6652TXVB 
HDSP-6653TXVB 
HDSP-665OTXVB 


ESD WARNING: NORMAL CMOS HANDLING 
PRECAUTIONS 
SHOULDBE 
OBSERVED 
TO 
AVOID STATIC 
DISCHARGE. 
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Absolute Maximum Ratings 
Supply Voltage, VDDto Ground[ll 
-0.5 V to 7.0 V 
Input Voltage, Any Pin to Ground 
-0.5 to VDD+0.5 V 
Free Air Operating 
Temperature 
Range, TA 
-55°C to +85°C 
Storage Temperature 
Range, Ts 
-55°C to +1oo°C 
CMOS IC Junction 
Temperature, 
TiIC) 
+150°C 
ESD Protection, 
R = 1.5 kn, C = 100 pF 
Vz = 4 kV (each pin) 
Maximum 
Solder Temperature 
at Lead Seating 
Plane, t < 5 sec 
2600C 


Note: 
1. Maximum voltage is with no LEDs illuminated. 


~ 


'7.94 


(1.100) MAX. 


25.65 
REF. 


(1.010) 


aoooo 


00000 
ClcaDO 
ooroa 


00000 


DOCDO 
00000 
00000 
ooro 


OOOCQ 


00000 


cooao 
1I0QDQ 


i 
I 
tb 


3.37 REF.-.! 


(0.133) 


3.68 
--I 


(0.145) REF. 
I 


Notes: 
1. All dimensions are in rom (inches). 
2. Unless otherwise specified, tolerance 
on dimensions is ±O.38mm (±O.015in.) . 


3. For yellow and green devices only. 
4. Leads are Alloy 42, solder dipped. 


l 
'0' 


1r(0.040) AEF. 


11.43 --J 


(0.450) 


Pin 
Pin 
No. 
Function 
No. 
Function 


1 
CEI Chip Enable 
10 
GND 
2 
CE2 Chip Enable 
11 
Do Data Input 
3 
CLRClear 
12 
DI Data Input 
4 
CUE Cursor 
Enable 
13 
D2 Data Input 


5 
CU Cursor 
Select 
14 
D3 Data Input 


6 
WRWrite 
15 
D6 Data Input 
7 
Al Address 
Input 
16 
D5 Data Input 
8 
An Address 
Input 
17 
D4 Data Input 
9 
VDD 
18 
BL Display 
Blank 


DO 


ASCII 
D1 
CODE 
D2 


D3 


D6 
D5 
D4 
Hex 


Notes: 
1. High = 1 level. 
2. Low = 0 level. 
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Recommended Operating Conditions 


Parameter 
Symbol 
Min. 
Typ. 


5.0 


Electrical Characteristics 
over Operating Temperature Range 
4.5 < Vnn < 5.5 V (unless otherwise 
specified) 


All Devices 
25°CU) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Max. 
Units 
Test 
Conditions 


Inn Blank 
Inn (blnk) 
1.0 
4.0 
mA 
All Digits Blanked 


Input Current 
II 
-40 
10 
lJA 
VIN= 0 V to Vnn 
Vnn = 5.0 V 


Input V!lltage High 
VIH 
2.0 
Vnn 
V 


Input Voltage Low' 
VIL 
GND 
0.8 
V 


Inn 4 digits 
Inn (#) 
110 
130 
160 
mA 
"#" ON in all four 


20 dots/characterl2,3J 
locations 


Inn Cursor all 
Inn (CU) 
92 
110 
135 
mA 
Cursor ON in all 
dotsON@50% 
four locations 


Thermal 
Resistance 
R8J.PIN 
11 
°CIW 
IC Junction 
to GND 
IC Junction 
Pin 10. 


to Pin 


Notes: 
1. VDD = 5.0 V. 
2. Average 
IDD measured 
at full brightness. 
Peak 
IDD = 28/15 x Average 
IDD(II). 


3. IDD(II) max. = 130 mA at full brightness, 
150°C IC junction 
temperature 
and VDD = 5.5 V. 


Optical Characteristics 
at 250C[l] 
VDD= 5.0 V at Full Brightness 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Intensity 
Iv 
3.9 
5.0 
mcd 
"*" illuminated 
in all four digits. 


per digit, Character 
Average 
19 dots ON 


Peak Wavelength 
A.PEAK 
583 
nm 


Dominant 
Wavelength[2l 
A.i 
585 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Intensity 
Iv 
3.9 
5.0 
mcd 
"*" illuminated 
in all four digits. 


per digit, Character 
Average 
19 dots ON 


Peak Wavelength 
A.PEAK 
635 
nm 


Dominant 
Wavelength[2l 
A.i 
626 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Intensity 
Iv 
5.55 
7.40 
mcd 
"*" illuminated 
in all four digits. 


per digit, Character 
Average 
19 dots ON 


Peak Wavelength 
A.PEAK 
568 
nm 


Dominant 
Wavelength[2l 
A.i 
572 
nm 


Parameter 
Symbol 
Min. 
Typ. 
Units 
Test Conditions 


Average Luminous 
Intensity 
Iv 
3.9 
5.0 
mcd 
"*" illuminated 
in all four digits. 


per digit, Character 
Average 
19 dots ON 


Peak Wavelength 
A.PEAK 
600 
nm 


Dominant 
Wavelength[2l 
A.i 
602 
nm 


Notes: 
1. Refers to the initial 
case temperature 
of the device immediately 
prior to the light measurement. 


2. Dominant 
wavelength, 
A.d,is derived 
from the eIE chromaticity 
diagram, 
and represents 
the single wavelength 
which defines 


the color of the device. 
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AC Timing Characteristics 
over Operating 
Temperature 
Range at VDD = 4.5 V 


Parameter 
Symbol 
Min. 
Units 


Address 
Setup 
tAS 
10 
ns 
Address 
Hold 
tAH 
40 
ns 
Data Setup 
~s 
50 
ns 
Data Hold 
~H 
40 
ns 
Chip Enable 
Setup 
tCES 
0 
ns 
Chip Enable 
Hold 
tCEH 
0 
ns 
Write Time 
!ow 
75 
ns 
Clear 
tCLR 
10 
~S 
Clear Disable 
tCLRD 
1 
~s 
. 


{ 


2.0V 


O.8V 
---_ 
..... 


tCEH 


D 


CLRICLRD 


ClR 
2.0 V 
0.8 V 


Pin Function 
Description 


Qhip Enable 
- 
- 
CEI and CE2 must be a logic 0 to write to the 
(CEI and CE2, 
display. 
pins 1 and 2) 


Clear 
-- 
When CLR is a logic 0 the ASCII RAM is reset 
(CLR, pin 3) 
to 20hex (space) and the Control Register/ 
Attribute RAM is reset to OOhex. 


Cursor Enable 
CUE determines 
whether the IC displays the 
(CUE pin 4) 
ASCII or the Cursor memory. (1 = Cursor, 
0= ASCII). 


Cursor Select 
-CU determines whether data is stored in the 
(CU, pin 5) 
ASCII RAM or the Attribute RAMlControl 
Register. (1 = ASCII, 0 = Attribute 
RAMlControl Register). 


Write 
-- 
WR must be a logic 0 to store data in the 
(WR, pin 6) 
display. 


Address 
Ao-AI selects a specific location in the display 
Inputs 
memory. Address 00 accesses the far right 
(AI andAo, 
display location. Address 11 accesses the far 
pins 8 and 7) 
left location. 


Data Inputs 
Do-D6 are used to specify the input data for the 
(Do·D6, 
display. 
pins 11-17) 


VDD 
VDD is the positive power supply input. 
(pin 9) 


GND 
GND is the display ground. 
(pin 10) 


Blanking 
-BL is used to flash the display, blank the 
Input 
display or to dim the display. 


(BL, pin 18) 


Display Internal Block 
Diagram 
Figure 1 shows the HDSP-665X 
display internal block diagram. 
The CMOS IC consists of a 4 x 7 
Character 
RAM, a 2 x 4 Attrib- 
ute RAM, a 5 bit Control Regis- 
ter, a 128 character ASCII 
decoder and the refresh circuitry 
necessary to synchronize the 
decoding and driving offour 5 x 
7 dot matrix characters. 


Four 7 bit ASCII words are 
stored in the Character 
RAM. 
The IC reads the ASCII data 
and decodes it via the 128 
character ASCII decoder. 


A 5 bit word is stored in the 
Control Register. Three fields 
within the Control Register 
provide an 8 level brightness 
control, master blank, and 
extended functions disable. 


For each display digit location, 
two bits are stored in the Attrib- 
ute RAM. One bit is used to 
enable a cursor character 
at 
each digit location. A second bit 
is used to individually disable 
the blanking features at each 
digit location. 


The display is blanked and 
dimmed through an internal 
blanking input on the row 
drivers. Logic within the IC 
allows the user to dim the 
display either through the BL 
input or through the brightness 
control in the control register. 
Similarly, the display can be 
blanked through the BL input, 
the Master Blank in the Control 
Register, or the Digit Blank 
Disable in the Attribute RAM. 


• 


CHARACTER/ 


CURSOR 
MULTIPLEXER 


Display Clear 
Data stored in the Character 
RAM, Control Register, and 
Attribute 
RAM will be cleared if 


the clear (CLR) is held low for a 
minimum of 10 JlS. Note that 
the display will be cleared 
regardless 
of the state ofthe 


chip enables (CE1, CE2). After 
the display is cleared, the ASCII 
code for a space (20hex) is 
loaded into all character 
RAM 


locations and OOhexis loaded 
into all Attribute 
RAMlControl 
Register memory locations. 


Data Entry 
Figure 2 shows the truth table 
for the HDSP-665X displa~ 
Setting the chip enables (CE1, 
CE2) tol2.gic ° and the cursor 
select (CU) to logic 1 will enable 
ASCII data loading. When 


cursor select (CU) is set to logic 
0, data will be loaded into the 
Control Register and Attribute 
RAM. Address inputs ~-Al 
are 
used to select the digit location 
in the display. Data inputs Da- 
Ds are used to load information 
into the display. Data will be 
latched into the d~lay 
on the 
rising edge of the WR signal. 
Da-Ds, ~-Al> CEl> CE2, and CU 
must be held stable during the 
write cycle to ensure that 
correct data is stored into the 
display. Data can be loaded into 
the display in any order. Note 
that when ~ 
and A1are logic 0, 
data is stored in the right most 
display location. 


Cursor 
When cursor enable (CUE) is a 
logic 1, a cursor will be 


displayed in all digit locations 
where a logic 1 has been stored 
in the Digit Cursor memory in 
the Attribute 
RAM. The cursor 


consists of all 35 dots ON at half 
brightness. 
A flashing cursor 


can be displayed by pulsing 
CUE. When CUE is a logic 0, 
the ASCII data stored in the 
Character 
RAM will be 


displayed regardless 
ofthe Digit 


Cursor bits. 


Blanking 
Blanking of the display is con- 
trolled through the BL input, 
the Control Register and 
Attribute 
RAM. The user can 


achieve a variety of functions by 
using these controls in different 
combinations, 
such as full 
hardware 
display blank, soft- 
ware blank, blanking of individ- • 


CUE 
BL 
CLR 
CE, 
CE, 
WR 
CU 
A, 
Ao 
D. 
D. 
D. 
D, 
0, 
D, 
Do 
Function 


0 
1 
1 
Diapla)' 
Ascn 


1 
1 
1 
Diaplay 
Stored 
Cursor 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
BeRtRAM, 


X 
0 
1 


Blank 
Display 
but do not reset 


RAMS 
and 
Control 
Register 


ElIl:tended 
Intensity 
Master 
Digit 
Digit 
Write 
to Attribute 
RAM 
0 
0 
0 
Function. 
Control 
Blank 
Blank 
Cursor 
and 
Control 
Register 
Disable 
Disable 0 
0 


O. 
000.100'JI> 
O. 
Digit 
Digit 
DBD. - O. Allows 
Digit 
n to be 


0 
0 
1 
Enable 
001·60% 
Display 
Blank 
Cursor 
blanked 
D1-Da 
010 _ 4&11 
ON 
Disable 
1 
1 


011.27% 
DBDD 
_ 1 Prevents 
Digit 
n 


X 
X 
1 
0 
0 
0 
1 - 
100.17% 
I· 
Digit 
Digi' 
from being 
blanked. 
0 
1 
0 
Disable 
101.10% 
Display 
Blank 
Cursor 
DI-0a 
110.7% 
Blanked 
Disable 
2 
2 
OC. 
_ 0 Removes 
cursor 
from 


111-3% 
Digit 
n 
Do 
Digit 
Digit 
0 
1 
1 
Always 
Blank 
Cursor 
DeD 
- 
1 Stores 
cursor 
at 
Enabled 
Disable 
3 
3 
Digitn 


1 
0 
0 
Digit 
0 ASCII 
Data 
(Right 
Most 
Character> 


1 
0 
1 
Digit 
1 ASCrr 
Data 
X 
X 
1 
0 
0 
0 
Write 
to Character 
RAM: 


1 
1 
0 
Digit 
2 ASCII 
Data 


1 
1 
1 
Digit 
3 ASCII 
Data 
(Len 
Most 
Character) 


1 
X 
X 


X 
X 
1 
X 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
No Change 


X 
X 
1 


ual characters, 
and synchronized 
flashing of individual characters 
or entire display (by strobing the 
blank input). All of these 
blanking modes affect only the 
output drivers, maintaining 
the 
contents and write capability of 
the internal 
RAMs and Control 
Register, so that normal loading 
of RAMs and Control Register 
can take place even with the 
display blanked. 


Figure 3 shows how the Ex- 
tended Function Disable (bit D6 
of the Control Register), Master 
Blank (bit D2 of the Control 
Register), Digit Blank Disable 
(bit D1of the Attribute RAM), 
and BL input can be used to 
blank the display. 


When the Extended Function 
Disable is a logic 1, the display 
can be blanked only with the BL 
input. When the Extended 
Function Disable is a logic 0, the 
disp~ 
can be blanked through 
the BL input, the Master Blank, 
and the Digit Blank Disable. The 
entire disp~ 
will be blanked if 
either the BL input is logic 0 or 
the Master Blank is logic 1, 
providing all Digit Blank Disable 
bits are logic O.Those digits with 
Digit Blank Disable bits a logic 1 
will ignore both blank signals 


0 
0 
0 
0 


0 
0 
X 
1 


0 
X 
1 
0 


0 
1 
0 
X 


0 
1 
1 
1 


1 
X 
X 
0 


1 
X 
X 
1 


and remain ON. The Digit 
Blank Disable bits allow 
individual characters 
to be 
blanked or flashed in ~- 
chronization with the BL input. 


Dimming 
Dimming of the display is 
_ 
controlled through either the BL 
input or the Control Register. A 
pulse width modulated signal 
can be applied to the BL input 
to dim the display. A three bit 
word in the Control Register 
generates 
an internal pulse 
width modulated signal to dim 
the display. The internal 


Display 
ON 


Display 
Blanked 
by BL. Individual 
characters 
"ON" based 
on "1" being 
stored 
in DBDn 


Display 
Blanked 
by MB 


Display 
Blanked 
by MB. Individual 
characters 
"ON" based 
on "1" being 
stored 
in DBDn 


dimming feature is enabled only 
if the Extended Function 
Disable is a logic O. 


Bits 3-5 in the Control Register 
provide internal brightness 
control. These bits are inter- 
preted as a three bit binary 
code, with code (000) corre- 
sponding to the maximum 
brightness 
and code (111) to the 
minimum brightness. 
In 
addition to varying the display 
brightness, 
bits 3-5 also vary 
the average value ofInn. Inn 
can be specified at any bright- 
ness level as shown in Table 1: 


Symbol 
Ds 
D, 
Ds 
Brightness 
25°C Typ. 
25°C Max. 
Max. over Temp. 
Units 


IDD(#) 
0 
0 
0 
100% 
110 
130 
160 
mA 


0 
0 
1 
60% 
66 
79 
98 
mA 


0 
1 
0 
40% 
45 
53 
66 
mA 


0 
1 
1 
27% 
30 
37 
46 
mA 


1 
0 
0 
17% 
20 
24 
31 
mA 


1 
0 
1 
10% 
12 
15 
20 
mA 
1 
1 
0 
7% 
9 
11 
15 
mA 


1 
1 
1 
3% 
4 
6 
9 
mA 


BL (PIN 181 
10kHz 
OUTPUT 


400pF I 


Figure 
4. Intensity 
Modulation 
Control 
Using an Astable 
Multivibrator 
(reprinted 
with 
permission 
from Electronics 
magBZine,Sept.19,1974,~ 
Business 
pub. Inc.) 


Figure 4 shows a circuit 
designed to dim the display from 
98% to 2% by pulse width 
modulating the BL input. A 
logarithmic or a linear poten- 
tiometer may be used to adjust 
the display intensity. However, 
a logarithmic potentiometer 
matches the response ofthe 
human eye and therefore pro- 
vides better resolution at low 
intensities. 
The circuit fre- 
quency should be designed to 
operate at 10 kHz or higher. 
Lower frequencies may cause 
the display to flicker. 


Mechanical and 
Electrical 
Considerations 
These HDSP-665X series 
displays are 18 pin DIP class 
ceramic packages designed to 
meet the rugged reliability 
requirements 
of modern day 


avionic systems. These displays 
may be stacked horizontally to 
form a character 
string of 
desired length. These displays 
are assembled by die attaching 
and wire bonding 140 LED dice 
and one CMOS IC to a ceramic 
substrate. 
A clear glass window 


is placed over the LEDs and 
sealed to form a hermetic air 
gap cavity. A similar window on 
the backside ofthe package 
forms a hermetic air gap cavity 
over the CMOS IC. Both 
windows permit post cap 
internal visual inspection ofthe 
LED dice and CMOS IC. 


The inputs to the CMOS IC 
have protection against electro- 
static discharge and input 
current latch up. However, for 
best results standard 
CMOS 
handling practice and precau- 
tions should be used. Prior to 
use, the HDSP-665X displays 
should be stored in antistatic 
or 
electrically conductive 
containers. 


Input current latchup is caused 
when the CMOS inputs are sub- 
jected to either a voltage below 
ground (Vin< ground), a higher 
voltage than VDD(Vin> VDD), 
and when a high current is 
forced into the input. To prevent 
input current latchup and ESD 
damage, unused inputs should 
be connected to either ground or 
VDD.Do not apply voltages to 
inputs until VDDhas been 
applied to the display. VDDmust 
be applied to the display prior to 
applying voltages to inputs in 
order to prevent latch up. 
Transient 
voltages should be 
eliminated from VDDand data 
lines. A 0.1 ~F capacitor placed 
between pin 9 (VDD)and pin 10 
(GND) at each display will help 
eliminate extraneous 
noise from 
affecting the ICs. The imped- 
ance of the ground return line 
from pin 10 of each display to 
the power supply should be as 
close to zero as possible at a 
frequency of200 Hz. 


ESD Susceptibility 
These displays have an ESD 
susceptibility rating of CLASS 3 


4-227 


per MIL-HDBK-263A and 
CLASS 3 per MIL-STD-883C. 


Contrast Enhancement 
Filter Vendors 
Glass, passband, 
circular 


polarized, antireflection 
coated, 


daylight viewing contrast 
enhancement 
filters are 


available from: 


HOYAOptics 
3400 Edison Way 
Fremont, CA 94538 
(510) 490-1880 


Marks Polarized Corp. 
275-D Marcus Blvd. 
Hauppauge, 
NY 11788 
(516) 273-1190 


Plastic contrast enhancement 
filters are available from: 


Homalite 
11 Brookside Drive 
Wilmington, DE 19804 
(302) 652-3686 


Panelgraphic 
Corp. 


10 Henderson Drive 
West Caldwell, NJ 07006 
(201) 227-1500 


Soldering and Post 
Solder Cleaning 
For information on soldering 
and post solder cleaning, see 
Application Note 1027 Soldering 
LED Components. 
These dis- 
plays are fully compatible with 
semi-aqueou~ cleaning pro- 
cesses that use the terpene 
solvent BIOACT EC-7R. 


Night Vision Lighting 
With the use ofNVG/DV filters, 
the HDSP-6651/6653/6650 
displays may be designed into 
NVG lighting applications. 
For 


further information, refer to 
Application Note 1030 LED 
Displays 
and Indicators 
and 


Night 
Vision Imaging 
System 


Lighting. 


I 


High Reliability Testing 
Two standard 
high reliability 
testing 
programs 
are available. 


The TXVB program 
is in 
conformance 
with MIL-D-87157 


level A Test Tables. The TXVB 
product is tested to Tables I, II, 
IlIa, and IVa. The TXV program 
is an HP modification 
to the full 
conformance 
program 
and offers 


the 100% screening 
of Quality 
Level A, Table I, and Group A, 
Table II. 


MIL·STD·750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
2072 
Interpreted 
by HP Procedure 
5956-7235-52 


2. High Temperature 
Storage 
1032 
TA= 100°C, Time = 24 hours 


3. Temperature 
Cycling 
1051 
Condition 
A, THIGH= +100°C, 
10 cycles, 15 min. dwell 


4. Constant 
Acceleration 
2006 
5,000 Gs at Y1orientation 


5. Fine Leak 
1071 
Condition 
H 


6. Gross Leak 
1071 
Condition 
C or K 


7. Interim 
Electrical/Optical 
Tests[21 
- 
Ice, Iv @ Vee = 5.0 V, TA= 25°C 


8. Burn-In[l] 
1015 
Condition 
B at Vee = 5.5 V, TA= 85°C, 
t = 160 hours 


9. Final Electrical 
Test(21 
- 
Ice, Ice (CD), Ice (BL) 
IlL, Iv @ Vee = 5.0 V, TA= 25°C 


10. Delta Determinations 
- 
~Iee = ±1O%, ~Iv = -20%, TA= 25°C 
11. External 
Visual[l] 
2009 


Notes: 
1. MIL-STD-883 
Test Method 
Applies. 
2. Limits 
and conditions 
are per the electrical 
optical 
characteristics. 


Subgrouptrest 
Parameters 
LTPD 


Subgroup 1 
Ice, Ice (CU), Ice (BL), IlL, Iv and 
DC Electrical 
Tests at 25°C[l] 
5 
visual function 
@ Vee = 5.0 V 


Subgroup 2 
DC Electrical 
Tests at High Temperature[l] 
Same as Subgroup 
1, except delete Iv and 
7 
visual function, TA= 85°C 


Subgroup 
3 
DC Electrical 
Tests at Low Temperature[l] 
Same as Subgroup 
1, except delete Iv and 
7 
visual function, TA= -55°C 


Subgroup 4, 5, and 6 not applicable 


Subgroup 7 
Optical and Functional 
Tests at 25°C 
Satisfied 
by Subgroup 
1 
5 


SubgroupS 
External 
Visual 
MIL-STD-883, 
Method 2009 
7 


Notes: 
1. Limits 
and conditions 
are per the electrical/optical 
characteristics. 
• 


MIL·STD-750 
Sample 
Subgrouptrest 
Method 
Conditions 
Size 


Subgroup 
1 
Resistance 
to Solvents 
1022 
4 Devices! 
o Failures 


Internal 
Visual and Design 
2075[6] 
1 Device! 
Verification[ll 
o Failures 


Subgroup 
2[2,3] 
Solderability 
2026 
TA= 245°C for 5 seconds 
LTPD = 15 


Subgroup 
3 
Thermal 
Shock (Temp. Cycle) 
1051 
Condition 
A;THIGH = +100°C, 
LTPD = 15 
15 min. dwell 


Moisture 
Resistance[4l 
1021 


.Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or K 


Electrical/Optical 
Endpoints[5J 
- 
lee, lee (CD), lee (BL), IlL, Iv 


@ Vee = 5.0 V and visual function. 
TA= 25°C 


Subgroup 
4 
Operating 
Life Test (340 hrs.) 
1027 
TA= 85°C @ Vee = 5.5 V 
LTPD = 10 


Electrical/Optical 
Endpoints[51 
- 
Same as Subgroup 
3 


Subgroup 
5 
Non-operating 
(Storage) 
Life 
1032 
TA= 100°C 
LTPD = 10 
Test (340 hrs.) 


Electrical/Optical 
Endpoints(5l 
- 
Same as Subgroup 
3 


Notes: 
1. Visual inspection 
is performed 
through 
the display 
window. 


2. Whenever 
electricaVoptical 
tests 
are not required 
as endpoints, 
electrical 
rejects may be used. 


3. The LTPD applies 
to the number 
ofleads 
inspected 
except in no case shall less than 
3 displays 
be used to provide the number 
of 
leads required. 


4. Initial 
conditioning 
is a 15° inward 
bend for one cycle. 


5. Limits and conditions 
are per the electricaVoptical 
characteristics. 


6. Equivalent 
to MIL-STD-883, 
Method 
2014. 


Mll..-STD-750 
Sample 
Subgrouprrest 
Method 
Conditions 
Size 


Subgroup 
1 
Physical 
Dimensions 
2066 
2 Devices! 
o Failures 


Subgroup 
2[21 
Lead Integrity[7,91 
2004 
Condition 
B2 
LTPD = 15 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or K 


Subgroup 
3 
Shock 
2016 
1500G. Time = 0.5 ms, 5 blows in 
LTPD = 15 
each orientation 
Xl, Y 1> Zl 


Vibration, 
Variable 
Frequency 
2056 


Constant 
Acceleration 
2006 
5,000 Gs at YI orientation 


External 
Visual[4l 
1010 or 1011 


Electrical/Optical 
Endpoints[81 
- 
Ice, Ice (CU), Ice (BL), IlL, Iv 


@ Vee = 5.0 V and visual function. 
TA= 25°C 


Subgroup 
411,31 
Salt Atmosphere 
1041 
LTPD = 15 


External 
Visual[41 
1010 or 1011 


Subgroup 
5 
Bond Strength[51 
2037 
Condition A 
LTPD = 20 


(C = 0) 


Subgroup 
6 
Operating 
Life Test[6J 
1026 
TA= 85°C @ Vee = 5.5 V 
A = 10 


Electrical/Optical 
Endpoints[81 
- 
Same as Subgroup 
3 


Notes: 
1. Whenever 
electricaVoptical 
tests 
are not required 
as endpoints, 
electrical 
rejects may be used. 


2. The LTPD applies 
to the number 
ofleads 
inspected 
except in no case shall less than three 
displays 
be used to provide the 


number 
of leads required. 
3. Solderability 
samples 
shall not be used. 


4. Visual requirements 
shall be as specified in MIL-STD-883, 
Methods 
1010 or 1011. 


5. Displays 
may be selected 
prior to seal. 
. 


6. If a given inspection 
lot undergoing 
Group B inspection 
has been selected to satisfy Group e inspection 
requirements, 
the 340 
hour life tests 
may be continued 
on test to 1000 hours in order to satisfy the Group C life test requirements. 
In such cases, 
either 
the 340 hour endpoint 
measurements 
shall be made a basis for Group B lot acceptance 
or the 1000 hour endpoint 


measurement 
shall be used as the basis for both Group B and Group C acceptance. 


7. MIL-STD-883 
test method 
applies. 
8. Limits 
and conditions 
are per the electricaVoptical 
characteristics. 
9. Initial 
conditioning 
is a 15° inward 
bend for one cycle. 


• 


Eight Character 5.0 mm 
(0.2 inch) Hermetic Smart 
5 X 7 Alphanumeric Displays 
For Military Applications 


Features 
• Wide Operating 
Tempera- 
ture Range 
-55°0 to +85°C 
• True Hermetic 
Package 
for 
Yellow, Orange 
and High 
Efficiency 
Red Displaysll! 


• TXVB Version 
Conforms 
to 
MIL-D-87157 Quality 
Level 
A Test Tables 
• Smart 
Alphanumeric 
Display 
On-Board CMOS IC 
Built-In RAM 
ASCII Decoder 
LED Drive Circuitry 


• 128 ASCII Character 
Set 
• 16 User Definable 
Charac- 
ters 
• Programmable 
Features 
Individual Flashing 
Character 
Full Display Blinking 
Multi-Level Dimming and 
Blanking 
Self Test 
Clear Function 
• ReadlWrite 
Capability 


• Full TTL Compatibility 
• HDSP-21311-2133/-2179 Use- 
able in Night Vision Light- 
ing Applications 
• Categorized 
for Luminous 
Intensity 
• HDSP-213112133 Categor- 
ized for Color 
• Excellent 
ESD Protection 
• Wave Solderable 
• X-Y Stackable 


Description 
The HDSP-2131 (yellow), 
HDSP-2179 (orange), 
HDSP-2132 (high efficiency red) 
and the HDSP-2133 (green) are 
eight-digit, 5 x 7 dot matrix, 
alphanumeric 
displays. The 5.0 
mm (0.2 inch) high characters 
are packaged in a standard 7.64 
mm (0.30 inch) 32 pin DIP. The 
on-board CMOS IC has the abil- 
ity to decode 128 ASCII char- 
acters, which are permanently 
stored in ROM. In addition, 16 
programmable symbols may be 


FhOW 
HEWLETT 
~t'...•PACKARD 


HDSP·2131/2131TXV/ 
2131TXVB 
HDSP·2132/2132TXV/ 
2132TXVB 
HDSP-2133/2133TXV/ 


2133TXVB 
HDSP·2179/2179TXV/ 
2179TXVB 


stored in an on-board RAM. 
Seven brightness levels provide 
versatility in adjusting the dis- 
play intensity and power con- 
sumption. The HDSP-213X is 
designed for standard micro- 
processor interface techniques. 
The display and special features 
are accessed through a bidirec- 
tional eight-bit data bus. These 
features make the HDSP-213X 
ideally suited for applications 
where an hermetic, low power 
alphanumeric 
display is 


required. 


Yellow 
High Efficiency 
Red 
High Performance 
Green 
Orange 


HDSP-2131 
HDSP-2132 
HDSP-2133 
HDSP-2179 


HDSP-2131TXV 
HDSP-2132TXV 
HDSP-2133TXV 
HDSP-2179TXV 


HDSP-2131TXVB 
HDSP-2132TXVB 
HDSP-2133TXVB 
HDSP-2179TXVB 


~ 


42'72 


(1.68) 
2.67 
TYP. 
10.105) 
_ 
5.33 
TYP. 
L 
(0.210) 
1~ 


6"OREF' 
(0.24) 


[[! 


o~gOi~t 
---,- 


7.62 


10.3001 
_---L 
.1, L 


(0.391 


~ 


PIN 
PIN 
NO. 
FUNCTION 
NO. 
FUNCTION 


1 
ClS 
17 
GNO (SUPPLY) 


2 
ClK 
18 
GNO (lOGIC) 


3 
WR 
19 
04 


4 
CE 
20 
05 
5 
RST 
21 
06 


6 
RO 
22 
07 
7 
NO PIN 
23 
NO PIN 
8 
NO PIN 
24 
NO PIN 
9 
NO PIN 
25 
NO PIN 
10 
NO PIN 
26 
NO PIN 
11 
DO 
27 
Fl 


12 
01 
28 
AD 
13 
02 
29 
A1 


14 
03 
30 
A2 


15 
NC 
31 
A3 


16 
VDD 
32 
A4 


L 


Note: 
1. All dimensions 
are in mm (inches). 
2. Unless otherwise 
specified 
tolerance 
is ±O.30 mm (±O.015). 


3. For green and yellow 
devices 
only. 
4. leads 
are copper 
alloy, solder 
dipped. 


Absolute Maximum Ratings 


Supply Voltage, VDO to Groundl1) 
...•...•...•............•............. 
-0.3 to 7.0 V 


Operating 
Voltage, Voo to GroundI21 
•••....•••.••.•••.••.........•..•...•••.•... 
5.5 V 
Input Voltage, Any Pin to Ground 
-0.3 to VDO +0.3 V 


Free Air Operating 
Temperature 
Range, TA 
•••••.•••.•.•.• 
-55°C to +85°C 


Storage Temperature, 
Ts 
HDSP-2131J-2132/-2179 
-65°C to +125°C 


HDSP-2133 
-55°C to + 100°C 


CMOS IC Junction 
Temperature, 
TJ (IC) 
+150°C 
Maximum 
Solder Temperature 
at Seating 
Plane, t < 5 sec 
260°C 


ESD Protection 
@ 1.5 kil, 100 pF 
Vz = 4 kV (each pin) 


Notes: 
1. Maximum 
Voltage is with no LEDs illuminated. 


2. 20 dots ON in all Ioeations 
at full brightness. 


ESD WARNING: 
STANDARD 
CMOS HANDLING 
PRECAUTIONS 
SHOULD 
BE OBSERVED 


WITH THE HDSP-2131, 
HDSP-2132, 
HDSP-2133, 
AND HDSP-2179. 


• 


Parameter 
Symbol 
Minimum 
Nominal 
Maximum 
Units 


Supply Voltage 
VDD 
4.5 
5.0 
5.5 
V 


Electrical Characteristics Over Operating Temperature Range 
4.5 < VDD < 5.5 V (unless otherwise 
specified) 


25°C 
25°C 
Parameter 
Symbol 
Min. 
Typ.[ll 
MaxPJ 
Max.I'1 
Units 
Test 
Conditions 


Input Leakage 
II 
-10.0 
+10.0 
~ 
VIN= 0 to Voo' 
(Input without 
pull up) 
pins CLK, Do-D7, 
~-A4 


Input Current 
lIP 
-30.0 
11 
18 
30 
~ 
V1N= 0 to Voo' 
(Input with pull up) 
pins RST, CLS, WR, 
RD, CE, FL 


100 Blank 
100 (BLK) 
0.5 
1.5 
2.0 
mA 
VIN= Voo 


1008 digits 
Ioo(V) 
200 
255 
330 
mA 
"V" on in all 8 


12 dots/characterl3J 
locations 


1008 digits 
100(#) 
300 
370 
430 
mA 
"#" on in all 8 


20 dots/character[3J 
locations 


Input Voltage High 
VllI 
2.0 
Voo 
V 
Voo = 5.5 V 
+0.3 


Input Voltage Low 
VII. 
GND 
0.8 
V 
Voo = 4.5 V 


-0.3V 


Output 
Voltage High 
VOH 
2.4 
V 
Voo = 4.5 V, 
IOH= -40~ 


Output 
Voltage Low 
VOL 
0.4 
V 
Voo = 4.5 V, 


Do-D7 
IOL= 1.6 mA 


Output 
Voltage Low 
0.4 
V 
Voo = 4.5 V, 
CLK 
IOL= 40 ~ 
Thermal 
Resistance 
RSJ.P1N 
11 
°CIW 
IC Junction-tn-PIN 


Notes: 
1. YPD= 5.0 V. 
2. Maximum 
IOD occurs at -55°C. 
3. Average IDD measured 
at full brightness. 
See Table 2 in Control Word Section for IDD at lower brightness 
levels. Peak 


IOD = 28/15 x Average IOD 
(H). 


• 


Optical Characteristics 
at 25°C[4) 


Voo = 5.0 V at Full Brightness 


Description 
Symbol 
Minimum 
Typical 
Units 


Luminous Intensity 
Character Average (#) 
Iv 
2.5 
7.5 
mcd 


Peak Wavelength 
ApEAK 
635 
nm 


Dominant Wavelength 
Ad 
626 
nm 


Description 
Symbol 
Minimum 
Typical 
Units 


Luminous Intensity 
Character 
Average (#) 
Iv 
2.5 
7.5 
mcd 


Peak Wavelength 
ApEAK 
600 
nm 


Dominant Wavelength 
Ad 
602 
nm 


Description 
Symbol 
Minimum 
Typical 
Units 


Luminous Intensity 
Character Average (#) 
Iv 
2.5 
7.5 
mcd 


Peak Wavelength 
ApEAK 
583 
nm 


Dominant Wavelength 
Ad 
585 
nm 


Description 
Symbol 
Minimum 
Typical 
Units 


Luminous Intensity 
Character Average (#) 
Iv 
2.5 
7.5 
mcd 


Peak Wavelength 
ApEAK 
568 
nm 


Dominant Wavelength 
Ad 
574 
nm 


Note: 
4. Refers to the initial case temperature 
of the device immediately 
prior to the light measurement. 


ACTiming Characteristics Over Temperature Range 


VDD= 4.5 to 5.5V unless otherwise 
specified. 


Reference 
Number 
Symbol 
Description 
Min.llJ 
Units 


1 
tACC 
Display Access Time 
Write 
210 
Read 
230 
ns 


2 
tACS 
Address 
Setup Time to Chip Enable 
10 
ns 


3 
tCE 
Chip Enable Active Time!2.3] 


Write 
140 
Read 
160 
ns 


4 
tACH 
Address 
Hold Time to Chip Enable 
20 
ns 


5 
tCER 
Chip Enable Recovery Time 
60 
ns 


6 
tCES 
Chip Enable Active Prior to Rising Edge of[l·2) 


Write 
140 
Read 
160 
ns 


7 
tCEH 
Chip Enable Hold Time to Rising Edge of 
ReadlWrite 
Signa112.3) 
0 
ns 


8 
tw 
Write Active Time [2.3] 
100 
ns 


9 
twD 
Data Valid Prior to Rising Edge of Write Signal 
50 
ns 


10 
tDH 
Data Write Hold Time 
20 
ns 


11 
tR 
Chip Enable Active Prior to Valid Data 
160 
ns 


12 
tRD 
Read Active Prior to Valid Data 
75 
ns 


13 
~F 
Read Data Float Delay 
10 
ns 


tRC 
Reset Active Time!·) 
300 
ns 


Notes: 
1. Worst case values occur at an IC junction temperature 
of 150'C. 
2. 
For designers 
who do not need to read from the display, the Read line can be tied to V DD and the Write and Chip Enable 


lines can be tied together. 
_ 


3. Changing the logic levels of the Address lines when CE = "0" may cause erroneous 
data to be entered 
into the Character 


RAM, regardless 
of the logic levels of the WR and RD lines. 
4. The display must not be accessed until after 3 clock pulses (1101's min. using the internal 
refresh clock) after the rising edge 


of the reset line. 


• 


Symbol 
Description 
25°C Typical 
MinimumllJ 
Units 


Fosc 
Oscillator 
Frequency 
57 
28 
kHz 


FRF 
(5] 
Display Refresh Rate 
256 
128 
Hz 


FFL 
(6] 
Character 
Flash Rate 
2 
1 
Hz 


tST 
(7] 
Self Test Cycle Time 
4.6 
9.2 
Sec 


Notes: 
5. FRF = Fosd224 
6. FFL = Fosd28,672 
7. tST = 262,144/F osc 


INPUT PULSE LEVELS: 
0.6 V TO 2.4 V 


OUTPUT 
REFERENCE 
LEVELS; 
0.6 V TO 2.2 V 


OUTPUT 
LOADING 
= 
, TTL 
LOAD AND 
l00pF 


Relative Luminous Intensity vs. 
Temperature 


t2.8510.11'JTVP---j 
L 


IC' 
C2 
C3 
C4 
csl 
-....·:"1 
0.7.,0·F_· •••• 
", 


• 
•••• 
"3 


• 
• 
• 
• 
."4 
4.8310.1901 TVP 


0.'5410.0101 TVP~ 
••••• 
~" 
·....". 
I ••••• 
"7 


I 
I 


---1 
~0.6S 
(0.0261 TYP 


• 


Electrical Description 
Pin Function 


RESET (RST, pin 5) 


FLASH (FL, pin 27) 


ADDRESS INPUTS 
(Ac-A4,pins 28-32) 


CLOCK SELECT 
(CLS, pin 1) 


CLOCKINPUVOUTPUT 
(CLK, pin 2) 


WRITE (WR, pin 3) 


DATA Bus (Do-D7, 
pins 11-14, 19-22) 


GND(sUPPLYl 
(pin 17) 


GND(LOGIC) 
(pin 18) 


VDD(POWER) 
(pin 16) 


FL low indicates an access to the Flash RAM and is unaffected by the 
state of address lines ~-A4' 


Each location in memory has a distinct address. Address inputs (Ac-Az) 
select a specific location in the Character 
RAM, the Flash RAM or a 
particular 
row in the UDC (User-Defined Character) 
RAM. ~-A4 are 
used to select which section of memory is accessed. Table 1 shows the 
logic levels needed to access each section of memory. 


Table 1. Logic Levels to Access Memory 


FL 
A4 
~ 
Section of Memory 
~ 
Al 
Ao 
0 
X 
X 
Flash RAM 
Character 
Address 


1 
0 
0 
UDC Address Register 
Don't Care 


1 
0 
1 
UDCRAM 
Row Address 


1 
1 
0 
Control Word Register 
Don't Care 


1 
1 
1 
Character 
RAM 
Character 
Address 


Outputs the master clock (CLS = 1) or inputs a clock (CLS = 0) for slave 
displays. 


Data is written into the display when the WR input is low and the 
CE input is low. 


This input must be at a logic low to read or write data to the display and 
must go high between ~ach read and write cycle. 


Data is read from the display when the RD input is low and the CE 
input is low. 


The Data bus is used to read from or write to the display. 


This is the analog ground for the LED drivers. 


This is the digital ground for internal logic. 


This is the positive power supply input. 


, 


A. "'-- 


UDC 
ADDR 
---:=1LI 
}- 
EN 
REGISTER 


~ 


AD 


WR 
uoe 


00-0, 
ADDA 


eLR 


PRE SET 


A, 


A. 
uoe 


FL 
1 
I 


RAM 


eE-r----'" 
EN 


RO 
WR 


DOT 
00-0. 
DATA 


A, 


Ao-A2 


A._ 
'--- uac 
ADDR 


FL I 
"' 
r- 
ROW SET 


I 
[fEN 
eE_ 
EN 
OxO 
Do-D) 
DOT 
CHARACTER 
- 
RO 
RAM 
00-06 - 
DATA 
w- 
00-0, 
0, 
EN 
ASCII 
DOT 
8 
5 II 7 


DECODER 
- 
LEO 
Ao-A2 
DRIVERS 
CHARACTERS 
.-- RESET 
~ 
00-0, 


Fi_ 
CHAR 
ADDR 
DOT 
TIMING 


,.......g.J 
" 
f-- 
ROW 
DATA 
SEL 
- 
L 
EN 
SELF 


AD 
FLASH 
TEST 


WR 
DATA 


0, 
FLASH 


Ao-A2 
RAM 
A 
RESET 
A._ 
RESET 
mJ-L 


CONTROL 
CHAR 
WORD 
L SelF 
ADDR 
~ 


REGISTER 
--, 


SELF 
ROW DRIVERS 


EN 
0 
AD 
1 
INTENSITY 
TEST 
TEST 
TIMING 
k 


IN 
ViR 
2 


00-0, 
3 
VISUAL 


BUNK 
TEST 
-;:::L>- 


4 
RESET 
SELF 
ROM 


SElF 
TEST 


SelF 
TEST 


TEST 
6 
TEST 
eLR 


RESULT 'l 


START 


TEg; l 


eLAl 
FlASH 


TEST OK 


ClR2 


A 
I -. 


INTENSITY 
CHAR 
c:u-= 


ADDR 
B 


FLASH 
TIMING 


BLINK 
AND 
ROW SET 


RESET 
CONTROL 


CLOCK 
TIMING 
• 


Display Internal Block 
Diagram 
Figure 1 shows the internal 
block diagram of the HDSP- 
213X display. The CMOS IC 
consists of an 8 byte Character 


RAM, an 8 bit Flash RAM, a 
128 character ASCII decoder, a 
16 character UDC RAM, a UDC 
Address Register, a Control 
Word Register, and the refresh 
circuitry necessary to syn- 


chronize the decoding and driv- 
ing of eight 5 x 7 dot matrix 
characters. 
The major user 
accessible portions of the dis- 
play are listed below: 


Flash RAM 


User-Defined Character 
RAM (UDC RAM) 


User-defined Character 
Address Register 
(UDC Address Register) 


Control Word Register 


This RAM stores either ASCII character 
data or a UDC RAM 
address. 


This is a 1 x 8 RAM which stores Flash data. 


This RAM stbres the dot pattern for custom characters. 


This register is used to provide the address to the UDC RAM when 
the user is writing or reading a custom character. 


This register allows the user to adjust the display brightness, 
flash 
individual characters, 
blink, selftest 
or clear the display. 


Character Ram 
Figure 2 shows the logic levels 
needed to access the 
HDSP-213X Character 
RAM. 
During a normal access the CE 
= "0" and either RD = "0" or WR 
= "0". However, erroneous data 
may be written into the Charac- 
ter RAM if the Address lines are 
unstable when CE = "0" regard-, 
less of the logic levels ofthe RD 
or WR lines. Address lines Ac,-Az 
are used to select the location in 
the Character 
RAM. Two types 
of data can be stored in each 
Character 
RAM location: an 
ASCII code or a UDC RAM 
address. Data bit D7 is used to 
differentiate 
between an ASCII 
character and a UDC RAM 
address. D7 = 0 enables the 
ASCII decoder and D7 = 1 
enables the UDC RAM. Do-Ds 
are used to input ASCII data 
and Do-Da are used to input a 
UDC address. 


0 
0 
, 
0 
0 
, 
, 
0 
, 
, 


WRITE 
TO 
DISPLAY 


READ 
FROM 
DISPLAY 


UNDEFINED 


Ft 
'. 
" 
" ., 
" 
DTI 


CHARACTER I:' 


LEFT 
MOST 
ADDRESS 
RIGHT 
MOST 


CHARACTER 
RAM ADDRESS 


0, 
0, 
0, 
D. 
0, 
0, 
0, 
Do 


0 
128 ASCII 
CODE 


1 
X 
X 
x I 
uoc CODE 


UDC RAM and UDC Address 
Register 
Figure 3 shows the logic levels 
needed to access the UDC RAM 
and the UDC Address Register. 
The UDC Address Register is 
eight bits wide. The lower four 
bits CDo-D3)are used to select 
one ofthe 16 UDC locations. 
The upper four bits CD.-D7) are 
not used. Once the UDC address 
has been stored in the UDC 
Address Register, the UDC 
RAM can be accessed. 


To completely specify a 5 x 7 
character 
requires eight write 
cycles. One cycle is used to store 
the UDC RAM address in the 
UDC Address Register. Seven 
cycles are used to store dot data 
in the UDC RAM. Data is 
entered by rows. One cycle is 
needed to access each row. 
Figure 4 shows the organization 
of a UDC character 
assuming 
the symbol to be stored is an 
"F". Aa-~ are used to select the 
row to be accessed and Do-D. 
are used to transmit 
the row dot 
data. The upper three bits CDs- 
D7) are ignored. Do(least signifi- 
cant bit) corresponds to the 
right most column of the 5 x 7 
matrix and D. (most significant 
bit) corresponds to the left most 
column of the 5 x 7 matrix. 


Flash RAM 
Figure 5 shows the logic levels 
needed to access the Flash 
RAM. The Flash RAM has one 
bit associated with each location 
of the Character 
RAM. The 
Flash input is used to select the 
Flash RAM. Address lines ~-A. 
are ignored. Address lines Ao-~ 
are used to select the location in 
the Flash RAM to store the 
attribute. 
Dois used to store or 
remove the flash attribute. 
Do= 


"I" stores the attribute 
and Do= 


"0" removes the attribute. 
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When the attribute 
is enabled 
through bit 3 of the Control 
Word and a "I" is stored in the 
Flash RAM, the corresponding 
character will flash at approxi- 
mately 2 Hz. The actual rate is 


dependent 
on the clock fre- 
quency. For an external clock 
the flash rate can be calculated 
by dividing the clock frequency 
by 28,672. 
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WRITE TO DISPLAY 


READ FROM DtSPLAY 


UNDEFINED 


FL 
A. 
A3 
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A, 
AO 


~ 
CHARACTER I000 = LEFT MOST 
LJ....:...L..J __ A_D_DR_E_S_S 
__ 
111 = RIGHT 
MOST 


UNDEFINED 


WRITE TO DISPLAY 


READ FROM DISPLAY 


UNDEFINED 


07 
06 
Os 
D. 
03 
02 
0, 
00 
REMOVE 
FLASH 
AT 
EB 


oSPECIFIED 
DIGIT 
LOCATION 


1 
STORE FLASH 
AT 
------------- 
SPECIFIED 
DIGIT 
LOCATION 
o 
] 
100". 
1 
80% 


o 
53"'- 


1 
40"1, 


o 
27"1, 


1 
20'1, 


o 
13'.•• 


1 
0 


BRIGHTNESS 
CONTROL 
LEVELS 


Control Word Register 
Figure 6 shows how to access 
the Control Word Register. This 
is an eight bit register which 
perfonns five functions. They 
are Brightness control, Flash 
RAM control, Blinking, Self 
Test and Clear. Each function is 
independent 
of the others. How- 
ever, all bits are updated during 
each Control Word write cycle. 


Brightness 
(Bits 0-2) 
Bits 0-2 ofthe Control Word 
adjust the brightness 
of the 
display. Bits 0-2 are interpreted 
as a three bit binary code with 
code (000) corresponding to 
maximum brightness 
and code 
(111) corresponding to a 
blanked display. In addition to 
varying the display brightness, 
bits 0-2 also vary the average 
value of 100, 100 can be calcu- 
lated at any brightness 
level by 
multiplying the percent bright- 
ness level by the value of 100 at 
the 100% brightness 
level. 


These values of Ion are shown in 
Table 2. 


Flash 
Function 
(Bit 3) 
Bit 3 detennines 
whether the 
flashing character attribute 
is 
on or off. When bit 3 is a "1", the 
output of the Flash RAM is 
checked. Ifthe content of a loca- 
tion in the Flash RAM is a "1", 
the associated digit will flash at 


NORMAL 
OPERATION; 
x IS IGNORED 
START SELF TEST: RESULT GIVEN 
IN X 


X = 0 FAILED 
X = 1 PASSED 


Figure 
6. Logic Levels to Access the Control 
Word Register 


Table 2. Current 
Requirements 
at 
Different 
Brightness 
Levels 


% 
25°C 
Symbol 
D2 
D, 
Do 
Brightness 
Typical 
Units 


Ion (V) 
0 
0 
0 
100 
200 
mA 
0 
0 
1 
80 
160 
mA 
0 
1 
0 
53 
106 
mA 
0 
1 
1 
40 
80 
mA 
1 
0 
0 
27 
54 
mA 
1 
0 
1 
20 
40 
mA 
1 
1 
0 
13 
26 
mA 


approximately 2 Hz. For an 
external clock, the blink rate 
can be calculated by driving the 
clock frequency by 28,672. If the 
flash enable bit of the Control 
Word is a "0", the content of the 
Flash RAM is ignored. To use 
this function with multiple dis- 
play systems see the Reset 
section. 


all eight digits ofthe display. 
When this bit is a "1" all eight 
digits of the display will blink at 
approximately 
2 Hz. The actual 
rate is dependent on the clock 
frequency. For an external 
clock, the blink rate can be 
calculated by dividing the clock 
frequency by 28,672. This 
function will override the Flash 
function when it is active. To 
use this function with multiple 
display systems see the Reset 
section. 


Blink Function 
(Bit 4) 
Bit 4 of the Control Word is 
used to synchronize blinking of 


Self Test Function 
(Bits 5, 6) 
Bit 6 of the Control Word Regis- 
ter is used to initiate the self 
test function. Results of the 
internal 
self test are stored in 
bit 5 of the Control Word. Bit 5 
is a read only bit where bit 5 = 
"1" indicates a passed self test 
and bit 5 = "0" indicates a failed 
self test. 


Setting bit 6 to a logic 1 will 
start the self test function. The 
built-in self test function ofthe 
IC consists of two internal rou- 
tines which exercises major por- 
tions of the Ie and illuminates 
all of the LEDs. The first routine 
cycles the ASCII decoder ROM 
through all states and performs 
a checksum on the output. If the 
checksum agrees with the 
correct value, bit 5 is set to "1". 
The second routine provides a 
visual test ofthe LEDs using the 
drive circuitry. This is accom- 
plished by writing checkered 
and inverse checkered patterns 
to the display. Each pattern is 
displayed for approximately 
2 


seconds. 


During the self test function the 
display must not be accessed. 
The time needed to execute the 
self test function is calculated by 
multiplying the clock period by 
262,144. For example, assume a 
clock frequency of 58 KHz, then 
the time to execute the self test 
function frequency is equal to 
(262,144/58,000) = 4.5 second 
duration. 


At the end of the self test func- 
tion, the Character RAM is 
loaded with blanks, the Control 
Word Register is set to zeros 
except for bit 5, and the Flash 
RAM is cleared and the UDC 
Address Register is set to all 
ones. 


Clear Function 
(Bit 7) 
Bit 7 ofthe Control Word will 
clear the Character RAM and 
the Flash RAM. Setting bit 7 to 
a "1" will start the clear func- 
tion. Three clock cycles (110 Jls 
min. using the internal refresh 
clock) are required to complete 
the clear function. The display 
must not be accessed while the 
display is being cleared. When 
the clear function has been com- 
pleted, bit 7 will be reset to a 
"0". The ASCII character code 
for a space (20H) will be loaded 
into the Character RAM to 
blank the display and the Flash 
RAM will be loaded with "O"s. 
The UDC RAM, UDC Address 
Register, and the remainder of 
the Control Word are 
unaffected. 


Display Reset 
Figure 7 shows the logic levels 
needed to Reset the display. The 
display should be Reset on 
Power-up. The external Reset 
clears the Character RAM, 
Flash RAM, Control Word and 
resets the internal counters. 
After the rising edge of the 
Reset signal, three clock cycles 
(110 Jls min. using the internal 
refresh clock) are required to 
complete the reset sequence. 
The display must not be 
accessed while the display is 
being reset. The ASCII Charac- 
ter code for a space (20H) will be 
loaded into the Character RAM 
to blank the display. The Flash 
RAM and Control Word Register 
are loaded with all "O"s.The 
UDC RAM and UDC Address 


0'" lOGIC 
0; , ;: lOGIC 
1; X '" DO NOT CARE 


NOTE: 
IF m fl 
AND WR ARE LOW, UNKNOWN 
OATA. MAY BE WRITTEN 
INTO THE DISPLAY. 


Figure 
7. Logic Levels to Reset the 
Display. 


Register are unaffected. All 
displays which operate with the 
same clock source must be 
simultaneously 
reset to syn- 


chronize the Flashing and 
Blinking functions. 


Mechanical and Elec- 
trical Considerations 
The HDSP-213X is a 32 pin 
dual-in-line package with 24 
external pins, which can be 
stacked horizontally and verti- 
cally to create arrays of any 
size. The HDSP-213X is de- 
signed to operate continuously 
from -55°C to +85°C with a 
maximum of 20 dots ON per 
character. Illuminating 
all 
thirty-five dots at full bright- 
ness is not recommended. 


The HDSP-213X is assembled 
by die attaching and wire bond- 
ing 280 LED chips and a CMOS 
IC to a ceramic substrate. 
A 


glass window is placed over the 
ceramic substrate 
creating an 
air gap over the LED wire 
bonds. A second glass window 
creates an air gap over the 
CMOS IC. This package con- 
struction makes the display 
highly tolerant to temperature 
cycling and allows wave solder- 
ing and visual inspection of the 
IC. 


A8J_A 
'" 30 oC~ 
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I 
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Figure 
8. Maximum 
Power 
Dissipa- 
tion vs. Ambient 
Temperature 


Derating 
Based on T,MAX = 125"C. 


I 


The inputs to the CMOS IC are 
protected against static dis- 
charge and input current latch- 
up. However, for best results 
standard CMOS handling pre- 
cautions should be used. Prior 
to use, the HDSP-213X should 
be stored in antistatic 
packages 


or conductive material. During 
assembly, a grounded conduc- 
tive work area should be used, 
and assembly personnel should 
wear conductive wrist straps. 
Lab coats made of synthetic ma- 
terial should be avoided since 
they are prone to static charge 
buildup. Input current latchup 
is caused when the CMOS in- 
puts are subjected to either a 
voltage below ground (VIN < 
ground) or to a voltage higher 
than Voo (VIN > Voo)and when a 
high current is forced into the 
input. To prevent input current 
latch up and ESD damage, un- 
used inputs should be connected 
either to ground or to V00' Volt- 
ages should not be applied to 
the inputs until V00 has been 
applied to the display. Tran- 
sient input voltages should be 
eliminated. 


Thermal 
Considera tions 
The HDSP-213X has been de- 
signed to provide a low thermal 
resistance path from the CMOS 
IC to the '24 package pins. This 
heat is then typically conducted 
through the traces ofthe user's 
printed circuit board to free air. 
For most applications no addi- 
tional heatsinking 
is required. 


The maximum operating IC 
junction temperature 
is 150°C. 
The maximum IC junction tem- 
perature 
can be calculated using 
the following equation: 


TiIC) MAX = TA 
+ (PoMAX)(R9J.P1N + R9pIN•A) 


Where 
PoMAX= (VooMAX)(IooMAX) 


IooMAX= 370 mA with 20 dots 
ON in eight character locations 
at 25°C ambient. This value is 
from the Electrical Characteris- 
tics table. 


PoMAX= (5.5 V)(0.370 A) 
= 2.04 W 


Groun~ Connections 
Two grou~d pins are provided to 
keep the internal IC logic 
ground clean. The designer can, 
when necessary, route the ana- 
log ground for the LED drivers 
separately from the logic ground 
until an appropriate ground 
plane is available. On long 
interconnects between the dis- 
play and the host system, the 
designer can keep voltage drops 
on the analog ground from 
affecting the display logic levels 
by isolating the two grounds. 


The logic ground should be con- 
nected to the same ground 
potential as the logic interface 
circuitry. The analog ground 
and the logic ground should be 
connected at a common ground 
which can withstand the cur- 
rent introduced by the switching 
LED drivers. When separate 
ground connections are used, 
the analog ground can vary 
from -0.3 V to +0.3 V with re- 
spect to the logic ground. Volt- 
age below -0.3 V can cause all 
dots to be on. Voltage above 
+0.3 V can cause dimming and 
dot mismatch. 


ESD Susceptibility 
These displays have ESD sus- 
ceptibility ratings of CLASS 3 
per DOD-STD-1686 and CLASS 
B per MIL-STD-883C. 


Soldering and Post 
Solder Cleaning 
Instructions for the 
HDSP·213X 
The HDSP-213X may be hand 
soldered or wave soldered with 
SN63 solder. When hand solder- 
ing it is recommended that an 
electronically temperature 
con- 


trolled and securely grounded 
soldering iron be used. For best 
results, the iron tip temperature 
should be set at 315°C (600°F). 
For wave soldering, a rosin- 
based RMA flux can be used. 
The solder wave temperature 
should be set at 245°C ± 5°C 
(473°F ± 9°F), and dwell in the 
wave should be set between 
1-1/2 to 3 seconds for optimum 
soldering. The preheat tempera- 
ture should not exceed 105°C 
(221°F) as measured on the 
solder side of the PC board. 


Post solder cleaning may be 
performed using water or Freon/ 
alcohol mixtures formulated for 
vapor cleaning processing or 
Freon/alcohol mix.tures formu- 
lated for room temperature 
cleaning. Freon/alcohol vapor 
cleaning processing for up to 2 
minutes in vapors at boiling 
temperature 
is permissible. 
Suggested solvents include 
Freon TF, Freon TE, Genesolv 
DI-15, Genesolv DE-15, 
Genesolv DES, and water. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kester Bio-Kleen Formula 
5799 or its equivalent, may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connections. 
The optimum water temper- 


ature is 60°C (140°F). The 
maximum cumulative 
exposure 
ofthe HDSP-213X to wash and 
rinse cycles should not exceed 
15 minutes. For additional 
information 
on soldering and 
post solder cleaning, see Appli- 
cation Note 1027. 


High Reliability Testing 
Two standard 
high reliability 
testing programs are available. 
The TXVB program is in con- 
formance with MIL-D-87157 
level A Test Tables. The TXVB 
product is tested to Tables I, II, 
IlIa and IVa. The TXV program 
is an HP modification to the full 
conformance program and offers 
the 100% screening of Quality 
Level A, Table I, and Group A, 
Table II. 


Contrast Enhancement 
When used with the proper con- 
trast enhancement 
filters, the 
HCMS-213X series displays are 
readable daylight ambients. 
Refer to Application Note 1029 
Luminous 
Contrast and Sun- 
light Readability 
of the HDSP- 
238X Series Alphanumeric 
Displays for Military 
Applica- 
tions for information 
on contrast 
enhancement 
for daylight 
ambients. Refer to Application 
Note 1015 Contrast Enhance- 
ment Techniques 
for LED 
Displays 
for information 
on con- 
trast enhancement 
in moderate 
ambients. 


Night Vision Lighting 
When used with the proper 
NVG/DV filters, the 
HDSP-2131, HDSP-2179 and 


100% Screening 
Table I. Quality Level A of MIL-D-87157 


HDSP-2133 may be used in 
night vision lighting applica- 
tions. The HDSP-2131 (yellow), 
HDSP-2179 (orange) displays 
are used as master caution and 
warning indicators. The HDSP- 
2133 (high performance green) 
displays are used for general 
instrumentation. 
For a list of 
NVG/DV 
filters and a discussion 
on night vision lighting technol- 
ogy, refer to Application Note 
1030 LED Displays 
and Indica- 


tors and Night 
Vision Imaging 


System Lighting. 
An external 
dimming circuit must be used to 
dim these displays to night 
vision lighting levels to meet 
NVIS radiance requirements. 
Refer to AN 1039 Dimming 
HDSP-213X 
Displays 
to Meet 
Night 
Vision Lighting 
Levels. 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
2072 
Interpreted 
by HP Procedure 5956-7512-52 


2. High Temperature 
Storage 
1032 
TA = 125°C[3J,Time = 24 hours 


3. Temperature 
Cycling 
1051 
Condition Bl4J, 10 cycles, 15 minute dwell 


4. Constant 
Acceleration 
2006 
10,000 Gs at Yl & Y2orientation 


5. Fine Leak 
1071 
Condition H 


6. Gross Leak 
1071 
Condition C or K[SJ 


7. Interim Electrical! 
- 
100(BLK),100(V),100(#), IIll' IlL'1011' IOL'Iv 


Optical Testsl2J 
and Visual Function TA = 25°C 


8. Burn-In[lJ 
1015 
Condition B at VDO = 5.5 V, cycle through 
character 
set 1 per second, 
TA = +85°C, Time = 160 hours 


9. Final Electrical Testl21 
- 
Same as step 7 


10. Delta Determinations 
- 
100(V)& 100(#)= ±lO%, Iv = -20% 


11. External Visual[l] 
2009 


Notes: 
1. MIL-STD-883 
Test Method 
applies. 


2. Limits 
and condilions 
are per the electrical/optical 
characteristics. 


3. T. = +100°C for HDSP-2133. 
4. T. = _55°C to +100°C for HDSP-2133. 
5. Fluid 
temperature 
= +100°C for HDSP-2133. 


• 


Subgroup Test 
Parameters 
LTPD 


Subgroup 1 
DC Electrical 
Tests at 25°C[l] 
Ioo(BLK), Ioo(V), 100(#), Iup IlL' IoH' IoL' Iv' 
5 
and function 
test 


Subgroup 2 
DC Electrical 
Tests at High 
Same as Subgroup 
1 except delete Iv and visual 
7 
TemperatureU] 
function. T A = +85°C 


Subgroup 3 
DC Electrical 
Tests at Low 
Same as SJibgroup 1 except delete Iv and visual 
7 
TemperatureU] 
function. TA = -55°C 


Subgroup 4, 5, and 6 not 
applicable 


Subgroup 7 
Optical and Functional 
Tests 
Satisfied 
by Subgroup 
1 
5 
at 25°C 


SubgroupS 
External 
Visual 
MIL-STD-883, 
Method 2009 
7 


Notes: 
1. Limits and conditions are per the electrical/optical 
characteristics. 


Mll.-STD-750 
Subgroup 
Test 
Method 
Conditions 
Sample 
Size 


Subgroup 
1 


Resistance to Solvents 
1022 
4 Devices 
o Failures 


Internal Visual and Design 
2075[6J 
1 Device 
Verification(lJ 
o Failures 


Subgroup 
212,3) 
Solderability!7J 
2026 
TA = 245°C for 5 seconds 
LTPD = 15 


Subgroup 
3 


Thermal Shock Temperature 
Cycle 
1051 
Condition Bl, 15 minute dwell 


Moisture Resistancel4J 
1021 


Fine Leak 
1071 
Condition H 
LTPD = 15 


Gross Leak 
1071 
Condition C or K[B] 


Electrical/Optical 
Endpoints!5J 
- 
Ioo(BLK), Ioo(V), 100(#), 1m, IlL' 
1011' IoL' Iv & function, 
TA = 25°C 


Subgroup 
4 
Operating Life Test 340 hrs 
1027 
TA = +85°C @ Voo= 5.5 V 
LTPD = 10 


Electrical/Optical 
Endpoints[5J 
- 
Same as Subgroup 3 


Subgroup 
5 


Non-Operating 
Storage Life 
1032 
TA = +125°C[9J 


Test 340 hrs 
LTPD = 10 


Electrical/Optical 
Endpoints[5J 
- 
Same as Subgroup 3 


Notes: 
1. Visual inspection 
is performed 
through 
the display window. 
2. Whenever 
electricaVoptical 
tests are not required 
as endpoints, 
electrical 
rejects may be used. 


3. The LTPD applies to the number of leads inspected 
except in no case shall less than 3 displays be used to provide the number 
of leads required. 
4. Initial 
conditioning 
is a 15° inward bend for one cycle. 
5. Limits and conditions as per the electricaVopticaI characteristics. 
6. Equivalent 
to MIL-STD-883, 
Method 2014. 
7. The steam aging is not performed 
on gold plated leads. 
8. Fluid temperature 
= +lOO°C for HDSP-2133. 


9. T. = +lOO°C for HDSP-2133. 


• 


Mll..·STD·750 
Subgroup 
Test 
Method 
Conditions 
Sample 
Size 


Subgroup 
I(lJ 
Physical Dimensions 
2066 
2 Devices 
o Failures 


Subgroup 
2[2J 
Lead Integrityl7,9] 
2004 
Condition B2 


Fine Leak 
1071 
Condition H 
LTPD = 15 


Gross Leak 
107.1- 
Condition C or K(lO] 


Subgroup 
3 
Shock 
2016 
1500 G. Time = 0.5 ms, 5 blows 
in each orientation 
XI' YI' Zl 


Vibration Variable Frequency 
2056 


Constant Acceleration 
2006 
10,000G at YI' Y2 orientation 
LTPD = 15 


External Visual[4] 
1010 or 1011 


ElectricaVOptical 
Endpoints[8] 
- 
Ioo(BLK), Ioo(V), Ioo(#)' Iu!' 
IlL'IoH' IOL'Iv and Visual 
Function, TA = 25°C 


Subgroup 
4[1,3) 
Salt Atmosphere 
1041 
LTPD = 15 
External VisuaF4J 
1010 or 1011 


Subgroup 
5 
Bond Strength[5J 
2037 
Condition A 
LTPD = 20 
C =0 


Subgroup 
6 
Operating 
Life Test[GJ 
1026 
TA = +85°C at Voo = 5.5 V 
A = 10 


ElectricaVOptical 
Endpoints[6] 
- 
Same as Subgroup 3 


Notes: 
1. Whenever 
electricaVoptical 
tests are not required 
as endpoints, 
electrical 
rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 


of leads requ ired. 
3. Solderability 
samples shall not be used. 
4. Visual requirements 
shall be as specified in MIL-STD-883, Methods 
1010 or 1011. 


5. Displays may be selected prior to seal. 
6. If a given inspection 
lot undergoing 
Group B inspection 
has been selected to satisfy Group C inspection 
requirements, 
the 


340 hour life tests may be continued 
on test to 1000 hours in order to satisfy the Group C life test requirements. 
In such 
cases either the 340 hour endpoint 
measurements 
shall be made a basis for Group B lot acceptance 
or the 1000 hour 


endpoint 
measurement 
shall be used as the basis for both Group B and Group C acceptance. 


7. MIL-STD-883 test method applies. 
8. Limits and conditions 
are per the electricaVoptical 
characteristics. 
9. Initial conditioning 
is a 15° inward bend for three cycles. 


10. Fluid temperature 
= +100°C for HDSP-2l33. 


rlin- 
HEWLETT 
~~ 
PACKARD 


FOUR CHARACTER 
3.8mm (0.15 inch) 
HERMETIC, SMART 
ALPHANUMERIC 
DISPLAY 


HMDL-2416 
HMDL-2416TXV 
HMDL-2416TXVB 


• 
WIDE OPERATING 
TEMPERATURE 
RANGE 
-550 C to +1000 C 


• 
TRUE HERMETIC 
PACKAGE 


• 
TXVB VERSION 
CONFORMS 
TO MIL-D-87157 
QUALITY 
LEVEL A TEST TABLES 


• 
CMOS 
IC FOR LOW POWER 
CONSUMPTION 


• 
SMART ALPHANUMERIC 
DISPLAY 
Built-in RAM, ASCII Decoder, and LED Drive 
Circuitry 


• 
VERY FAST ACCESS TIME, 160 ns 


• 
EXCELLENT 
ESD PROTECTION 
Built-in Protective Diodes 


• 
FULL TTL COMPATIBILITY 
OVER 
OPERATING 
TEMPERATURE 
RANGE 


• 
END-STACKABLE 


• 
WIDE VIEWING 
ANGLE 


• 
WAVE SOLDERABLE 


Description 


The HMDL-2416 
is a smart 3.8 mm (0.15") four character, 
sixteen 
segment 
red GaAsP 
display. 
It is contained 
in a 


hermetic 
18 pin dual-in-line, 
glass sealed 
ceramic 
pack- 


age. 
The 
on-board 
CMOS 
IC contains 
memory, 
ASCII 


decoder, 
multiplexing 
circuitry, 
and drivers. 
It has a wide 


operating 
temperature 
range, and is fully TTL compatible, 


wave solderable, 
and highly 
reliable. This display 
is ideally 
suited for military and high reliability 
industrial 
applications 
where a rugged, 
reliable, easy-to-use 
alphanumeric 
display 
is required. 


Typical Applications 


• 
MILITARY EQUIPMENT 


• 
AVIONICS 


• 
HIGH RELIABILITY 
INDUSTRIAL 
EQUIPMENT 


Supply Voltage, Vcc to Ground 
-0.5 V to 7.0 V 


Input Voltage, 
Any Pin to Ground 
......•......... 
-0.5 V to Vcc + .5 V 


Free Air Operating 
Temperature 
Range, T A 


Maximum 
Solder Temperature, 
1.59 mm (0.063 in.) 


below Seating Plane, t < 5 sec. 
. 
2600 C 


ESO 
WARNING: 
The 
HMOL-2416 
is implemented 
in 
a 
standard 
CMOS process 
with diode protection 
of a/l inputs. 


The ESO susceptibility 
of this IC device is Class A of MIL- 
STO-883 
or Class 2 of OOO-STO-1686 
and 
OOO-HOBK- 
263. 
Standard 
precautions 
for 
handling 
CMOS 
devices 


should 
be observed. 


• 
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PIN 
PIN 


NO. 
FUNCTION 
NO. 
FUNCTION 


1 
CE, 
CHIP ENABLE 
10 
GNO 
2 
EEz 
CHIP ENABLE 
11 
DO DATA 
INPUT 


3 
etR 
CLEAR 
12 
01 
DATA INPUT 
• 
CUE 
CURSOR 
ENABLE 
13 
02 
DATA INPUT 


5 
CO 
CURSOR 
SELECT 
,. 
03 
DATA INPUT 


• 
WR 
WRITE 
15 
06 
DATA INPUT 


1 
A, 
DIGIT 
SELECT 
,. 
05 
DATA INPUT 


8 
Ao 
DIGIT 
SELECT 
11 
04 
DATA 
INPUT 
9 
Vcc 
18 
8[ 
DISPLAY 
BLANK 


(SEATING 
PLANE 


NOTES: 
1. DIMENSIONS 
IN mm (INCHES). 


2. UNLESS 
OTHERWISE 
SPECIFIED 
THE TOLERANCE 
ON ALL 


DIMENSIONS 
IS .!O.38 mm (O.OlS"). 


3. PIN 1 IS IDENTIFIED 
BY INK DOT ON BOTTOM 
OF P.ACKAGE. 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Units 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Input 
Voltage 
High 
VIH 
2.0 
V 


Input 
Voltage 
Low 
V,L 
0.8 
V 


DCElectrical Characteristics 
Over Operating 
Temperature 
Range 


TYPICAL 
VALUES 


Parameter 
Symbol 
Units 
-55°C 
25°C 
+100°C 
Test Condition 


Ice 4 digits 
on (10 seg/digit)[1.21 
Ice 
mA 
120 
85 
70 
Vee=5.0V 


Ice Cursor[2.3.4] 
ledCU) 
mA 
170 
125 
105 
Vee=5.0V 


Ice Blank 
'edBL) 
mA 
1.8 
1.5 
1.3 
Vee=5.0V 
BL= 
0.8 V 


Input 
Current, 
Max. 
IlL 
IJ.A 
22 
17 
12 
Vee= 
5.0 V 
VIN= 
0.8 V 


Thermal 
Resistance 
Junction 
to Case 
R0J-e 
°C/W/ 
20 
Device 


Maximum 
Over 
Operating 
Temperature 
25°C 
Range 
Parameter 
Symbol 
Units 
Vcc= 
5.0 V 
Vcc= 
5.5 V 


Ice 4 digits 
on (10 seg/digit) 
(1,2) 
Ice 
mA 
115 
167 


Ice Cursorl2.3.4) 
ledCU) 
mA 
165 
225 


Ice Blank 
ledBL) 
mA 
3.5 
8.0 


Input 
Current, 
Max. 
IlL 
IJ.A 
30 
40 


Power 
Dissipation[5) 
Po 
mW 
575 
918 


Leak Rate 
LR 
cc/sec 
5 x 10-8 


Notes: 
1. "%" illuminated 
in all four characters. 


2. Measured at five seconds. 
3. Cursor character 
is sixteen segments and DP on. 


4. Cursor operates continuously over operating temperature range. 
5. Power dissipation = Vcc' 
Ice (10 seg.). 


ACTiming Characteristics Over Temperature 
at Vcc = 4.5 VI1l 


-20°C 
25°C 
70°C 
Symbol 
Description 
tM1N 
tMIN 
tM1N 
Units 


1 
tAS 
Address 
Setup 
Time 
90 
115 
150 
ns 


2 
tWD 
Write 
Delay 
Time 
10 
15 
20 
ns 


3 
tw 
Write Time 
80 
100 
130 
ns 


4 
tDS 
Data Setup 
Time 
40 
60 
80 
ns 


5 
tDH 
Data Hold 
Time 
40 
45 
50 
ns 


6 
tAH 
Address 
Hold Time 
40 
45 
50 
ns 


7 
tCEH 
Chip 
Enable 
Hold 
Time 
40 
45 
50 
ns 


8 
tCES 
Chip 
Enable 
Setup 
Time 
90 
115 
150 
ns 


9 
tClR 
Clear 
Time 
2.4 
35 
40 
ms 


10 
tAcc 
Access 
Time 
130 
160 
200 
ns 


Refresh 
Rate 
420-790 
310-630 
270-550 
Hz 


Note: 1. These parameters are guaranteed by design but are not tested 


Optical Characteristics 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Units 


Peak Luminous 
Intensity 
per digit, 
Iv Peak 
VCC ~ 5.0 V 
02 
0.6 
mcd 
8 segments 
on (character 
average) 
";f" 
illuminated 
in 


all 4 digits 
(25°C) 


Peak Wavelength 
Apeak 
655 
nm 


Dominant 
Wavelength 
Ad 
640 
nm 


Off Axis Viewing 
Angle 
±65 
degrees 


Digit 
Size 
3.81 
mm 
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Display Internal Block Diagram 


Figure 
1 shows 
the 
internal 
block 
diagram 
for 
the 


HMOl-2415 
display. The CMOS IC consists 
of a four-word 


ASCII 
memory, 
a four-word 
cursor 
memory, 
a 54-word 
character 
generator, 
17 segment 
drivers, four digit drivers, 
and the scanning 
circuitry 
necessary 
to multiplex 
the four 


monolithic 
lED 
characters. 
In normal operation, 
the divide- 
by-four 
counter 
sequentially 
accesses each of the four RAM 


locations 
and simultaneously 
enables the appropriate 
dis- 


play digit driver. The output 
of the RAM is decoded 
by the 
character 
generator 
which, 
in turn, enables the appropriate 
display 
segment drivers. For each display 
location, 
the cur- 


sor enable (CUEI selects whether 
the data from the ASCII 


RAM 
(CUE = 01 or the stored 
cursor 
(CUE = 1) is to be 
displayed. 
The cursor 
character 
is denoted 
by all sixteen 


segments 
and the OP ON. Seven-bit 
ASCII data is stored in 
RAM. Since the display utilizes a 54-character 
decoder, 
half 
of the possible 128 input combinations 
are invalid. For each 
display 
location 
where Os = De in the ASCII RAM, the dis- 


play 
character 
is blanked. 
The 
entire 
display 
is blanked 
when Bl = 0 


Data 
is loaded 
into 
the display 
through 
the data 
inputs 
(06- 
Do), digit 
selects 
(A1, 
Ao), chip 
enables 
(CE1, 
CE2, 


cursor 
select (CU), and write (WR). The cursor select (CU) 
determines 
whether 
data is stored in the ASCII RAM (CU ~ 
1) or cursor 
memory 
(CU ~ 0). When CE1 
~ CE2 ~ WR ~ 0 
and CU ~ 1, the information 
on the data inputs 
is stored 
in 
the 
ASCII 
RAM 
at the 
location 
specified 
by 
the 
digit 


selects (A1, Ao). When CE1 = CE2 = WR = 0 and CU ~ 0, the 
information 
on the data input, Do, is stored 
in the cursor 
at 
the location 
specified 
by the digit selects (A1, Ao). If Do = 1, 
a cursor 
character 
is stored 
in the cursor 
memory. 
If Do = 


0, a previously 
stored 
cursor 
character 
will 
be removed 
from the cursor 
memory. 


If the clear input (ClRl 
equals zero for one internal display 
cycle 
(4 ms minimum), 
the data in the ASCII 
RAM will be 
rewritten 
with zeroes and the display 
will be blanked. 
Note 
that the blanking 
input 
lBL! must be equal to logical 
one 
during this time. 


Data Entry 


Figure 2 shows a truth table for the HMOl-2415 
display. Set- 
ting the chip enables 
(CE" 
CE2) to their low state and the 


cursor 
select (CUI to its high state will enable data loading. 


The desired 
data inputs 
(06-00) 
and address 
inputs 
(A" 
Ao) as well 
as the 
chip 
enables 
(CE1, CE2) and 
cursor 


select 
(CU) 
must be held stable during 
the write 
cycle 
to 


ensure that the correct 
data is stored into the display. Valid 


ASCII 
data 
codes 
are 
shown 
in 
Figure 
3. The 
display 


accepts 
standard 
seven-bit 
ASCII data. Note that 06 = 05 


for the codes shown 
in Figure 2. If 06 = 05 during the write 


cycle, then a blank will be stored 
in the display. 
Data can 
be loaded into the display 
in any order. Note that when A, 
= Ao = 0, data is stored 
in the furthest 
right-hand 
display 


location. 


Cursor Entry 


As shown in Figure 2, setting the chip enables (CE" 
CE2) to 


their low state and the cursor select (CU) to its low state will 
enable cursor 
loading. The cursor character 
is indicated 
by 


the display 
symbol 
having all 15 segments 
and the OP ON. 


The 
least 
significant 
data 
input 
(Do), 
the 
digit 
selects 


(A1, Ao), the chip enables (CE" 
CE2), and the cursor select 
(CU) 
must be held stable during 
the write cycle to ensure 


that the correct 
data is stored 
in the display. 
If DO is in a 


low state during 
the write 
cycle, 
then a cursor 
character 


will be removed 
at the indicated 
location 
If DO is in a high 
state during 
the write cycle, then a cursor 
character 
will be 


stored 
at the indicated 
location. 
The presence 
or absence 


of a cursor 
character 
does not affect the ASCII data stored 


at that 
location. 
Again, 
when 
A, = Ao = 0, the 
cursor 


character 
is 
stored 
in 
the 
furthest 
right-hand 
display 


location. 


All stored cursor characters 
are displayed 
if the cursor ena- 
ble (CUE) is high 
Similarly, 
the stored ASCII data words are 


displayed, 
regardless 
of the cursor characters, 
if the cursor 
enable (CUE) is low. The cursor enable (CUEI has no effect 
on the storage 
or removal 
of the cursor 
characters 
within 


the display. 
A flashing 
cursor 
is displayed 
by pulsing 
the 


cursor 
enable 
(CUEI. For applications 
not requiring 
a cur- 
sor, the cursor 
enable 
(CUE) can be connected 
to ground 


and the cursor 
select (CUI can be connected 
to Vcc. This 


inhibits 
the cursor 
function 
and allows 
only ASCII 
data to 


be loaded into the display. 


DATA 
INPUTS (06-0,) 


DATA 
INPUT 
(00) 


ADDRESS 
INPUTS 
(A,-AOI 


CHIP ENABLES (CE1 CE21 


WRITE 
(w"Fi) 


CURSOR SELECT (c'Li) 


4>7 
ASCII 
DO 
MEMORY 


4>, 


CURSOR MEMORY 


READ 


64.17 
CHARACTER 
GENERATOR 


CURSOR 


• 


Display Clear 


As shown 
in Figure 2, the ASCII data stored in the display 
will be cleared if the clear ICLRl is held low and the blank- 
ing input 
(BLl is held high for 4 ms minimum. 
The cursor 
memory 
is not affected 
by the clear (CLRI input. 
Cursor 
characters 
can be stored or removed 
even while the clear 


(CLRI is low. Note that the display will be cleared regardless 
of the state of the chip 
enables 
ICEL 
CE21. However, 
to 
ensure 
that 
all four 
display 
characters 
are cleared, 
CLR 
should be held low for 4 ms following 
the last write cycle. 


Display Blank 


As shown 
in Figure 2, the display 
will 
be blanked 
if the 
blanking 
input (BU is held low. Note that the display will be 
blanked 
regardless 
of the state of the chip 
enables (CEL 


CE2l or write (WRl inputs. The ASCII data stored in the dis- 
play 
and 
the 
cursor 
memory 
are 
not 
affected 
by 
the 
blanking 
input. ASCII 
data and cursor 
data can be stored 
even while the blanking 
input (BU is low. Note that while the 
blanking 
input lBU 
is low, the clear ICLR) function 
is inhi- 
bited. A flashing 
display can be obtained 
by applying 
a low 
frequency 
square wave to the blanking 
input lBU. Because 
the blanking 
input lBU also resets the internal display mul- 
tiplex counter, 
the frequency 
applied 
to the blanking 
input 
lBU should be much slower than the display multiplex 
rate. 


Finally, dimming 
of the display 
through 
the blanking 
input 


(BU is not recommended. 


For further 
application 
information 
please consult 
Applica- 
tion Note 1026. 


Function 
BL 
CLR 
CUE 
CU 
CE1 
CE2 
WR 
A1 
Ao 
06 
05 
04 
03 
O2 
01 
Do 0lG3OlG2OIG1OlGo 


Write 
L 
X 
X 
H 
L 
L 
L 
L 
L 
a 
a 
a 
a 
a 
a 
a 
NC 
NC 
NC 
A 
Data 
-OR- 
L 
H 
b 
b 
b 
b 
b 
b 
b 
NC 
NC 
B 
NC 
Memory 
X 
H 
X 
H 
L 
L 
L 
H 
L 
c 
c 
c 
c 
c 
c 
c 
NC 
[ 
NC 
NC 


H 
H 
d 
d 
d 
d 
d 
d 
d 
D 
NC 
NC 
NC 


Disable 
X 
X 
X 
H 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Previously 
Written 


Data 
X 
X 
X 
H 
X 
H 
X 
Data 
Memory 
X 
X 
X 
H 
H 
X 
X 
Write 


Write 
X 
X 
X 
L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
H 
NC 
NC 
NC 
~ 


Cursor 
L 
H 
X 
X 
X 
X 
X 
X 
H 
NC 
NC 
~ 
NC 


H 
L 
X 
X 
X 
X 
X 
X 
H 
NC 
~ 
NC 
NC 


H 
H 
X 
X 
X 
X 
X 
X 
H 
~ 
NC 
NC 
NC 


Clear 
X 
X 
X 
L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
L 
NC 
NC 
NC ,-, 
,-, 
L _1 


Cursor 
L 
H 
X 
X 
X 
X 
X 
X 
L 
NC 
NC 
L_J 
NC 


H 
L 
X 
X 
X 
X 
X 
X 
L 
NC 
,-, 
NC 
NC 
L_J 
H 
H 
X 
X 
X 
X 
X 
X 
L 
[-J 
NC 
NC 
NC 


Disable 
X 
X 
X 
L 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Previously 
Written 
Cursor 
X 
X 
X 
L 
X 
H 
X 
Cursor 
Memory 
X 
X 
X 
L 
H 
X 
X 


L = LOGIC 
LOW 
INPUT 
H = LOGIC 
HIGH 
INPUT 
X = DON'T 
CARE 


"a" = ASCII 
CODE 
CORRESPONDING 
TO SYMBOL" 
A" 


NC = NO CHANGE 
~ 
= CURSOR 
CHARACTER 
(ALL 
SEGMENTS 
ONI 


Function 
BL 
CLR 
CUE 
CU 
CE1 
CE2 
WR 
0lG3 0lG2 0lG1 OIGo 


CUE 
H 
H 
L 
X 
X 
X 
X 
A 
B 
[ 
D 
Display previously 
written 
data 


H 
H 
H 
X 
X 
X 
X 
~ 
fiE] 
~ 
~ 
Display previously 
written 
cursor 


Clear 
H 
L 
X 
X 
X 
X 
X' 
r 
" 
, , 
I 
,-, 


Clear data memory, 
cursor 
memory 
I 
' 
L_J 
I 
~_1 
c_J 
c_J 
unchanged 


'NOTE: 
CLR should 
be held low for 4 ms 
following 
the last WRITE cycle to ensure 
all data is cleared. 


Blanking 
L 
X 
X 
X 
X 
X 
X 
' , 
r 
" 
r 
" 
Blank display, data and cursor 
L_~ 
L_J 
L_1 
L_J 
memories 
unchanged. 


03 
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Mechanical and Electrical 
Considerations 


The HMDL-2416 is an 18 pin dual-in-Iine 
package, that can 


be stacked 
horizontally 
and vertically 
to create arrays of 


any size. The HMDL-2416 
is designed 
to operate 
contin- 


uously 
from 
-55° 
to +100°C 
for all possible 
input 
condi- 


tions including 
the illuminated 
cursor 
in all four character 
locations. 
The HMDL-2416 
is assembled 
by die attaching 


and wire 
bonding 
the four 
GaAsP/GaAs 
monolithic 
LED 


chips and the CMOS IC to a 18 lead ceramic-glass 
dual-in- 


line package. 
It is designed 
either to plug into DIP sockets 
or to solder into PC boards. 


The inputs 
of the CMOS 
IC are protected 
against 
static 
discharge 
and 
input 
current 
latchup. 
However, 
for 
best 


results 
standard 
CMOS 
handling 
precautions 
should 
be 
used. 
Prior 
to 
use, the 
HMDL-2416 
should 
be stored 
in 


anti-static 
tubes or conductive 
material. 
During 
assembly, 


a grounded 
conductive 
work 
area should 
be used. The 


assembly 
personnel 
should 
use conductive 
wrist 
straps. 
Lab coats 
made of synthetic 
materials 
should 
be avoided 


since they are prone to static charge 
build-up. 
Input cur- 


rent latchup 
is caused 
when 
the CMOS 
inputs 
are sub- 


jected to a voltage 
either below ground 
(V1N < ground) 
or 
to 
a higher 
voltage 
than 
Vee (V1N > Vecl 
and 
a high 
current 
is forced 
into the input. 
To prevent 
input 
current 


latchup 
and 
ESD 
damage, 
unused 
inputs 
should 
be 


connected 
either to ground 
or to Vee, voltages should 
not 


be applied 
to the inputs 
until Vee has been applied 
to the 
display, and transient 
input voltages should be eliminated. 


Soldering and Post Solder 
Cleaning Instructions 
for the 
HMDL-2416 


The HMDL-2416 
may be hand soldered 
or wave soldered 


with SN63 solder. Hand soldering 
may be safely performed 
only 
with 
an 
electronically 
temperature-controlled 
and 


securely 
grounded 
soldering 
iron. For best results, the iron 


tip temperature 
should 
be set at 315°C (600°F). 
For wave 


soldering, 
a rosin-based 
RMA 
flux 
or 
a water 
soluble 


organic 
acid 
(OA) 
flux 
can 
be used. 
The 
solder 
wave 


temperature 
should 
be 245°C ±5°C 
(473°F ±9°F), 
and the 


dwell 
in the wave should 
be set at 1 1/2 to 3 seconds 
for 


optimum 
soldering. 


Post solder cleaning 
may be accomplished 
using water or 


Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 
pro- 
cessing 
or 
Freon/alcohol 
mixtures 
formulated 
for 
room 


temperature 
cleaning. 
Freon/alcohol 
vapor 
cleaning 
pro- 
cessing 
for 
up to 2 minutes 
in vapors 
at boiling 
is per- 


missible. 
Suggested 
solvents 
include 
Freon TF, Freon TE, 


Genesolv 01-15, Genesolv DE-15, Genesolv DES, and water. 


For further 
information 
on soldering, 
refer to Application 


Note 1027,"Soldering 
LED Components". 


• 


Each HMDL-2416 
display 
is tested 
for luminous 
intensity 
and marked 
with 
an intensity 
category 
on the back of the 
display 
package. 
To ensure intensity 
matching 
for multiple 
package 
applications, 
all displays 
for a given panel should 


have the same category. 


The HMDL-2416 
display 
is designed 
to provide 
maximum 
contrast 
when 
placed 
behind 
an appropriate 
contrast 
en- 


hancement 
filter. Some suggested 
filters 
are Panelgraphic 
Dark 
Red 63, SGL 
Homalite 
H100-1650, Rohm 
and 
Haas 
2423, Chequers 
Engraving 
118, and 3M R6510. For further 


information 
on contrast 
enhancement, 
see Hewlett-Packard 
Application 
Note 1015. 
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level A Test Tables. The TXVB 
product 
is tested 
to Tables 
I, II, lila, and IVa. The TXV program 
is an HP modification 
to 
the full conformance 
program 
and offers the 100% screen- 


ing of Ouality 
Level A, Table I, and Group 
A, Table II. 


With 
Tables 


Standard 
Product 
With 
Table 
I and II 
I,ll, 
ilia, 
IVa 


HMDL-2416 
HMDL-2416TXV 
HMDL-2416TXVB 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
2072 
Interpreted 
by HP Procedure 
5956-7235-52 


2. High Temperature 
Storage 
1032 
T A = 125°C, Time = 24 hours 


3. Temperature 
Cycling 
1051 
Condition 
B, 10 cycles, 
15 min. dwell 


4. Constant 
Acceleration 
2006 
. 
5,000 G's at Y, orientation 


5. Fine Leak 
1071 
Condition 
H 


6. Gross Leak 
1071 
Condition 
C or K 


7. Interim 
Electrical/Optical 
Testsl2) 
- 
Ice, Iv@Vee= 
5.0 V 
T A = 25°C 


8. Burn-lnI1] 
1015 
Condition 
B at Vee = 5.5 V 
TA=100°C 
t = 160 hours 


9. Final Electrical 
Testl2] 
- 
lee%, Ice (CU), Ice (BL) 
Ill, Iv@Vee=5.0V 
TA= 
25°C 


10. Delta Determinations 
- 
.. 


~Iee = ± 10% 
. 


~ Iv= 
- 20% 


TA= 
25°C 


11. External 
Visua[l1] 
2009 


Notes: 


1. MIL-STD-883 
Test Method 
Applies 


2. Limits 
and conditions 
are per the electrical 
optical 
characteristics. 


SUbgroup/Test 
Parameters 
LTPD 


Subgroup 
1 
DC Electrical 
Tests at 25°C 
1 
lee%, lee (CU), 
Ice (BL), IlL, Iv and visual function 
5 


@Vee=5.0V 


Subgroup 
2 
DC Electrical 
Tests at High 
Same as Subgroup 
1, except 
delete 
Iv and visual 
7 


Temperaturel11 
function, 
TA = + 100°C 


Subgroup 
3 
DC Electrical 
Tests at Low 
Same as SUbgroup 
1, except 
delete Iv and visual 
7 


Temperaturel1l 
function, 
TA = -55° C 


Subgroup 
4, 5, and 6 not applicable 


Subgroup 
7 


Optical 
and Functional 
Tests at 25°C 
Satisfied 
by Subgroup 
1 
5 


Subgroup 
8 
External 
Visual 
MIL-STD-883, 
Method 
2009 
7 


MIL-STD-750 


SUbgroup/Test 
Method 
Conditions 
Sample 
Size 


Subgroup 
1 


Resistance 
to Solvents 
1022 
4 Devices/ 
o Failures 


Internal 
Visual and Design Verificationl1] 
207516] 
1 Device/ 
o Failures 


Subgroup 
2 [2,3] 


Solderability 
2026 
TA = 245° C for 5 seconds 
LTPD=15 


Subgroup 
3 
Thermal 
Shock 
(Temp. 
Cycle) 
1051 
Condition 
Bl, 
15 minute 
dwell 
LTPD = 15 


Moisture 
Resistance[4] 
1021 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or K 


Electrical/Optical 
Endpoints[5] 
- 
lee%, Ice (CU). 
Ice (BL), IlL, Iv 


@ Vee = 5.0 V and visual function. 
TA = 25°C 


Subgroup 
4 


Operating 
Life Test (340 hrs.\ 
1027 
TA = 100°C @ Vee = 5.5 V 
LTPD=10 


Electrical/Optical 
Endpointsl5j 
- 
Same as Subgroup 
3 


Subgroup 
5 
Non-operating 
(Storage) 
Life 
1032 
TA=+125°C 
LTPD=10 
Test (340 hrs) 


Electrical/Optical 
Endpoints[5] 
- 
Same as SUbgroup 
3 


Notes: 
1. Visual inspection is performed through the display window. 
2. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 


required. 
4. Initial conditioning is a 15° inward bend for one cycle. 
5. Limits and conditions are per the electrical/optical characteristics. 
6. Equivalent to MIL-STD-883, Method 2014. 


• 


MIL-STD-750 


Subgroup/Test 
Method 
Conditions 
Sample 
Size 


Subgroup 
1 
Physical 
Dimensions 
2066 
2 Devices/ 
o Failures 


Subgroup 
2[2] 
Lead Integrity!7. 
9) 
2004 
Condition 
B2 
LTPD=15 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or K 


Subgroup 
3 
Shock 
2016 
1500G, Time = 0.5 ms, 5 blows 
in 
LTPD = 15 
each orientation 
Xl, Yl, Zl 


Vibration, 
Variable 
Frequency 
2056 


Constant 
Acceleration 
2006 
5,000 G's at Y1 orientation 


External 
Visua/[4] 
1010 or 1011 


Electrical/Optical 
Endpoints!S] 
- 
lee%, Ice (CU), 
Ice (BL), IlL, Iv 
@ Vee = 5.0 V and visual function. 
T A = 25°C 


Subgroup 
4[1,3] 


Salt Atmosphere 
1041 
LTPD = 15 


External 
Visual [4J 
1010 or 1011 


Subgroup 
5 
Bond Strength[5] 
2037 
Condition 
A 
LTPD = 20 


IC = 0, 


Subgroup 
6 


Operating 
Life Testl6] 
1026 
T A = 100° C @ Vee = 5 5 V 
A = 10 


Electrical/Optical 
Endpoints[Sj 
- 
Same as Subgroup 
3 


Notes: 
1. 
Whenever 
electrical/optical 
tests are not required 
as endpoints. 
electrical 
rejects 
may 
be used. 


2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


required. 


3. Solderability samples shall not be used 
4. Visual requirements shall be as specified in MIL-STD-883. Methods 1010or 1011. 
5. Displays may be selected prior to seal. 
6. 
If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection reqUirements. the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases. either the 340 hour endpoint 
measurements 
shall be made a basis for Group 
B lot acceptance 
or the 1000 hour endpoint 
measurement 
shall be used as the basis for both 


Group B and Group C acceptance. 


7 
MIL-STD-883 test method applies. 


8. 
Limits 
and conditions 
are per the electrical/optical 
characteristics. 


9. 
Initial 
conditioning 
is a 15° inward 
bend 
for three 
cycles. 


FhiJI HEWLETT 
~r....• 
PACKARD 


CMOS Hermetic Extended 
Temperature Range 5x7 
Alphanumeric 
Displays 


Features 
• On-Board 
Low Power 


CMOSIC 
Integrated 
Shift Register with 


Constant Current LED 
Drivers 
• Wide Operating 
Temperature 
Range 


-55°C to +100°C 
• m-REL 
Screening 
per 
MIL-D-87157 
Quality Level A 
TXVorTVXB 
• Hermetic 
Package 


• Compact 
Glass Ceramic 
4 


Character 
Package 


HCMS-201X Series End 
Stackable 
HCMS-231X1-235X 
Series X-Y Stackable 
• HCMS-235X Series 
are 
Sunlight 
Viewable 


• Five Colors 


Standard Red 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 
• 5x7 LED Matrix 
Displays 
Full ASCII Set 


• Two Character 
Heights 


3.8mm (0.15 inch) 
5.0mm (0.20 inch) 


• Wide Viewing 
Angle 
X Axis = ±50° 
Y Axis = ±65° 


• Long Viewing 
Distance 
HCMS-201X Series to 2.6 
Meters (8.6 Feet) 
HCMS-231X1-235XSeries to 
3.5 Meters01.5 
Feet) 


• Categorized 
for Luminous 
Intensity 
• HCMS-2011l2013 
HCMS-23111-2313/-2314 
HCMS-23511-2353/-2354 
Useable in Night Vision 
Lighting Applications 
• HCMS-2011l·2013, 
HCMS-23111·2313 and 
HCMS-23511-2353: 
Categorized for Color 


Typical Applications 


• Military 
Avionics 
• Communications 
Systems 
• Radar 
Systems 
• Fire Control 
Systems 


HCMS-201Xl201XTXVI 
201XTXVBSeries 
HCMS-231Xl231XTXVI 
231XTXVB 


Sunlight 
Viewable 


Series HCMS·235X1 
235XTXV/235XTXVB 
Series 


Description 
The HCMS-201X, HCMS-231X 
and the sunlight viewable 
HCMS-235X series are 5x7 LED 
four character displays con- 
tained in 12 pin dual-in-line 
packages designed for display- 
ing alphanumeric 
information. 


The character height for the 
HCMS-201X series displays is 
3.8mm (0.15 inch), and for the 
HCMS-231X and HCMS-235X 
series displays the character 
height is 5.0mm (0.20 inch). The 
HCMS-201X series displays are 
available in four LED colors: 
standard red, high efficiency 
red, yellow and high perform- 
ance green. The HCMS-231X 
series are available in all five 


• 


LED colors. The HCMS-235X 
series displays are available in 
four LED colors: high efficiency 
red, orange, yellow and high per- 
formance green. 
The HCMS- 
201X series displays are end 
stackable. 
The HCMS-231X and 
HCMS-235X series displays are 
end/row stackable. 


These displays are designed 
with on-board CMOS integrated 


circuits for use in applications 
where conservation of power is 
important. 
The two CMOS "lCs 
form an on-board 28-bit serial- 
in-parallel-out 
shift register 
with constant current output 
LED row drivers. 
Decoded 
column data is clocked into the 
on-board shift register for each 
refresh cycle. Full character 
display is achieved with ex- 
ternal column strobing. 


Compatibility 
with 
HDSP·201X/·231X/-235X 
TI'L IC Series Displays 
The HCMS-201X, HCMS-231X 
and HCMS-235X CMOS IC dis- 
plays are "drop-in" replacements 
for the equivalent 
HDSP-201X, 
HDSP-231X and HDSP-235X 
TTL IC displays. 
The 12 pin 
glass/ceramic 
package configur- 
ation, four digit character 
matrix and pin functions are 
identical. 


Part 
Number 
Character 
Size 
LED Color 


HCMS-20 10/20 1OTXV/20 lOTXVB 
3.8 mm (0.15 inch) 
Standard 
Red 
HCMS-20 11/2011TXV12011TXVB 
3.8 mm (0.15 inch) 
Yellow 
HCMS-20 1212012TXV/2012TXVB 
3.8 mm (0.15 inch) 
High-Efficiency Red 
HCMS-20 13/20 13TXV12013TXVB 
3.8 mm (0.15 inch) 
High-Performance 
Green 


HCMS-2310/231OTXV 
12310TXVB 
5.0 mm (0.20 inch) 
Standard 
Red 
HCMS-2311/2311 TXV/2311 TXVB 
5.0 mm (0.20 inch) 
Yellow 
HCMS-231212312TXV/2312TXVB 
5.0 mm (0.20 inch) 
High-Efficiency Red 
HCMS-2313/2313TXV/2313TXVB 
5.0 mm (0.20 inch) 
High-Performance 
Green 
HCMS-2314/2314TXV 12314TXVB 
5.0 mm (0.20 inch) 
Orange 


Sunlight 
Viewable 
Displays 


HCMS-2351/2351 TXV/2351 TXVB 
5.0 mm (0.20 inch) 
Yellow 
HCMS-235212352TXV/2352TXVB 
5.0 mm (0.20 inch) 
High-Efficiency Red 
HCMS-2353/2353TXV 
12353TXVB 
5.0 mm (0.20 inch) 
High-Performance 
Green 
HCMS-2354/2354TXV 12354TXVB 
5.0 mm (0.20 inch) 
Orange 


Note: 
Basic part numbers 
(ie. HCMS·2351) 
are without 
hi·rel screening. 
Part 
numbers 
with TXV or TXVB suffIx (ie. HCMS-2351TXV) 


are with hi-reI screening 
per MIL-D-87157, 
Quality 
Level A. 


17.7d 


(0.699) 
MAX. 


2.11 
REF 


ID.083) 
.-i1 1=1 r- SEE NOTE 3 


1 SEE~ 
~-~ 
r ,I r-, 
r-' 
7.87 
I 
1 
I 
1 
1 
I 
I 
I 


ID.31D) 
1+1-'+1+1+'-1+, 
! 
L J 
L 
J 
L_J 
L_J 
Z I 
I~T 
4.44'D.13 


PIN 1 MARKED 
BY DOT 
---i 
hO.175±O.OOS) 


ON BACK OF PACKAGE 
1.21±0.13 
(0.050:1:0.0051 


7.25 


fO.2OO1 
! 


PIN 
FUNCTION 
PIN 
FUNCTION 


1 
COLUMN 
1 
7 
DATA 
OUT 
2 
COLUMN 2 
8 
V. 


3 
COLUMN 
3 
9 
VOO 


4 
COLUMN 4 
lD 
CLOCK 


5 
COLUMN 
5 
" 


GROUND 
6 
lNT.CONNECP 
'2 
DATA 
IN 


r- 


5.08 


ID.2001 
I 


SEA7]U 
I 
PLANE 
---11 


1.27 


(0.050) - 


0.54±0.09 


(0.02otO.000) 


2L 
~ 
-----r 
6.85 
I 
(0.270) 


I 
l 


D.25;D.OO I~ ~ 
1O.010±0.003) 
-- 
7.62 


TYP. 
(0.300) 


2.54±0.13 


(0.100:10.005) 


TYP. 
NON ACCUM. 


SEE NOTE 
3 f 


8.43 
(0.332:l 


1 
2 
3 
4~6 
PIN 1 MARKED 
BY DOT 
ct. 
5.00:1:0.13 


ON BACK 
OF PACKAGE 
~'27±O'13 
(0.197±0.005) 
(O.050±O.005) 


5.08~ 
n 
ID.2OOll --- 
I 
-- 
T 


----,---- 
6.85 


I 
-U 
10.270) 
0.25:10.08 
TYP 


I~;~) 
. i I~~ 
1.27 
~TYP 
I 
1IIID.D1D~D.OO3)· 
~ 
I'-- 
(0.050)' 
I 
----il~ 
. DO NOT CONNECT 
OR USE 


2.5410.13 
---1 
~ 
NOTES: 
~: e~~~~lg~~~~:I~LEL;:~I~~~cil~~~ES) 


(O.l00!O.005l 
TYP. 
O.54!O.08 
6.35!O.25 
TOLERANCE 
ON ALL 
DIMENSIONS 
IS 


NON ACCUM. 
CO.020!O.OO3) 
(O.250!O.010l 
±O.38mm(±O.015). 


3. CHARACTERS 
ARE CENTERED 
WITH 
RESPECT 
TO LEADS 
WITHIN 
!O.13mm 
l±O.OO5"1. 


4. 
LEAD 
MATERIAL 
IS COPPER ALLOV. 


SOLDER 
DIPPED. 


PIN 
FUNCTION 
PIN 
FUNCTION 
I 
COLUMN 
1 
7 
DATA 
OUT 
2 
COLUMN 
2 
8 
V. 


3 
COLUMN 
3 
9 
Voo 


4 
COLUMN 
4 
lD 
CLOCK 


5 
COLUMN 
5 
11 
GROUND 
6 
INT. CONNECP 
12 
DATA 
IN 


I 


Absolute Maximum Ratings 
Supply Voltage Voo to Ground 
-0.3 V to 7.0 V 
Data Input, 
Data Output, 
VB 
-0.3 V to Voo 


Column Input Voltage,vcoL 
-0.3 V to Voo 


Free Air Operating 
Temperature 
Range, TA •••••••••••••• 
-55°C to + 100°C 
Storage Temperature 
Range, Ts 
-65°C to +125°C 
HCMS-231O/-231ll-2312/-2314 
HCMS-2351/-2352/-2354 
Storage Temperature 
Range, Ts 
-55°C to +100°C 
HCMS-20 10/-20 III -2012/-2013 
HCMS-2313 
HCMS-2353 
Maximum 
Allowable Package 
Power Dissipation, 
Po[l,2] 


HCMS-2010/-2011/-2012/-2013 
at TA = 83°C 
0.79 Watts 
HCMS-2310/-2311/-2312/-2313/-2314 
at TA = 88°C 
0.92 Watts 
HCMS-235ll-2352/-2353/-2354 
at TA = noc 
1.31 Watts 
Maximum 
Solder Temperature 
1.59 mm (0.063") Below Seating 
Plane, t ~ 5 sec 
260°C 
ESD Protection 
@ 1.5kQ, 100pf 
Vz = 4 kV (each pin) 


Notes: 
1. Maximum 
allowable 
power dissipation 
is derived 
from VDD = 5.25 V, VB= 2.4 V, 


V,OL = 3.5 V, 20 LEDs ON per character, 
20% DF. 


2. The power dissipation 
for these displays 
should be derated 
as fo\lows: 
HCMS-201X 
seriea derate 
above 83°C at 17 mW/oC, R8J •• = 60°CIW 
HCMS-231X 
series derate 
above 88°C at 22 mW/oC, R8J .• = 45°CIW 
HCMS-325X 
series derate 
above 71°C at 23 mW/oC, R8J .• = 45°CIW. 


Deratings 
based on R8pc.• = 35°C/W per display 
for printed 
circuit board assembly. 


See Figure 
1 for power derating 
based on lower R8J .• values. 


Recommended Operating Conditions 
Over Operating Temperature Range (·55°C to +10WC) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 


Supply Voltage 
Voo 
4.75 
5.00 
5.25 
V 
Data Out Current, 
Low State 
IOL 
1.6 
mA 


Data Out Current, 
High State 
IOH 
-0.5 
mA 
Column Input Voltage 
VCOL 
2.75 
3.0 
3.5 
V 
Setup Time 
tSETUP 
10 
ns 


Hold Time 
~OLD 
25 
ns 
Clock Pulse Width High 
~H(CLOCK) 
50 
ns 
Clock Pulse Width Low 
~L(CLOCK) 
50 
ns 
Clock High to Low Transition 
t..HL 
200 
ns 


Clock Frequency 
fCLOCK 
5 
MHz 


Electrical Characteristics 
Over Operating Temperature 
Range (·55°Cto +100"C) 


Parameter 
Symbol 
Test 
Conditions 
Min. 
Typ.* 
Max. 
Units 


Supply Current, 
DynamicU] 
1000 
fCLOCK 
= 5 MHz 
6.2 
7.8 
mA 


Supply Current, 
Static[2J 
IOOSolf 
VB= 0.4 V 
1.8 
2.6 
mA 
IOOSon 
VB= 2.4 V 
2.2 
3.3 


Column Input Current 
VB= 0.4 V 
10 
~ 
HCMS-20 10/-2011/-20 12/-20 13 
ICOL 
VB= 2.4 V 
310 
384 
mA 
HCMS-2310/-2311/-2312/-2313/-2314 
VB= 2.4 V 
360 
451 
mA 
HCMS-2351/-2352/-2353/-2354 
VB= 2.4 V 
500 
650 
mA 


Input Logic High 
Vrn 
Voo= 4.75 V 
2.0 
V 
Data, VB' Clock 


Input Logic Low 
VII. 
Voo= 5.25 V 
0.8 
V 
Data, VB' Clock 


Input Current 
VOO= 5.25 V 
Data, Clock 
II 
Os; VIS; 5.25 V 
-10 
+10 
~ 
VB 
Os; VBs; 5.25 V 
-40 
0 


Data Out Voltage 
Voo = 4.75 V 
2.4 
4.2 
VOH 
IOH= -0.5 mA 
V 
ICOL= 0 mA 


Voo= 5.25 V 
0.2 
0.4 


VOL 
IOL= 1.6 mA 
V 
IcoL= 0 mA 


Power Dissipation 
Per Package[3J 
Voo=5.0V 
HCMS-20 10/-20 11/-20 12/-20 13 
VCOL=3.5 V 
414 
HCMS-2310/- 2311/-2312/-2313/-2314 
Po 
17.5% DF 
481 
mW 
HCMS-2351/-2352/-2353/- 
2354 
VB= 2.4 V 
668 


15 LEDs ON 
per Character 


Thermal 
Resistance 
IC Junction-to-Pin[4J 
HCMS-2010/-2011/-20 
12/-20 13 
R9J_PIN 
25 
HCMS-2310/-2311/-2312/-2313/ 
-2314 
10 
°C/W 
HCMS-2351/-2352/-2353/-2354 
10 


Leak Rate 
5x10-s 
cc/sec 


Notes: 
L 100 Dynamic is the IC current 
while clocking column data through 
the on-board shift register 
at a clock frequency of 5MHz, 
the display is not illuminated. 


2. !no Static is the IC current 
after column data is loaded and not being clocked through 
the on-board shift register. 


3. ~'our characters 
are illuminated 
with a typical ASCII character 
composed of 15 dots per character. 


4. ICjunction 
temperature 
TiIC) 
= (PoXR9J_P1N + R9pe_A) + TA 


I 


Optical Characteristics 
at TA = 25°C 


Standard 
Red HCMS·2010/-2310 


Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
VDD=5.0V 
Intensity 
per 
HCMS-2010 
VCoL= 3.5 V 
105 
200 
llcd 
LEnr5•9] 
HCMS-2310 
IYPEAK 
VB=2.4 V 
220 
370 


(Character 
Average) 
T; = 25°C(7) 


Dominant 
Wavelength(8) 
Ad 
639 
nm 


Peak Wavelength 
!..pEAK 
655 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
VDD = 5.0V 
Intensity 
per 
HCMS-2011 
VCoL=3.5 V 
400 
750 
LEnr5•9) 
HCMS-2311 
IVPEAK 
VB=2.4V 
650 
1140 
llcd 
(Character 
HCMS-2351 
T,= 25°Cl7] 
2400 
3400 
Average) 


Dominant 
Wavelength[6.8) 
Ad 
585 
nm 


Peak Wavelength 
!..pEAK 
583 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
VDD = 5.0V 
Intensity 
per 
HCMS-2012 
VCoL=3.5 V 
400 
1430 
LEnr5,9] 
HCMS-2312 
IYPEAK 
VB= 2.4 V 
650 
1430 
llcd 


(Character 
HCMS-2352 
T;= 25°C[') 
1920 
2850 
Average) 


Dominant 
Wavelength[8) 
Ad 
625 
nm 


Peak Wavelength 
!..pEAK 
635 
nm 


Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
VDD = 5.0V 
Intensity 
per 
HCMS-2013 
VCoL= 3.5 V 
850 
1550 
LEnr5•9) 
HCMS-2313 
IVPEAK 
VB= 2.4 V 
1280 
2410 
llcd 


(Character 
HCMS-2353 
T;= 25°Cl') 
2400 
3000 
Average) 


Dominant 
Wavelength[6.8] 
Ad 
574 
nm 


Peak Wavelength 
!..pEAK 
568 
nm 


Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
Voo=5.0V 
Intensity 
per 
VCOL= 3.5 V 
LEl)l··9) 
HCMS-2314 
IYPEAK 
VB=2.4 
V 
650 
1430 
~cd 
(Character 
HCMS-2354 
Ti= 25°C[71 
1920 
2850 
Average) 


Dominant 
Wavelength[S] 
Ad 
602 
nm 


Peak Wavelength 
I..pEAK 
600 
nm 


All typical values 
specified at Voo= 5.0 V and T. = 25°C unless otherwise 
noted. 


Notes: 
5. These LED displays 
are categorized 
for luminous 
intensity, 
with the intensity 
category 
designated 
by a letter code on the 


back of the package. 


6. The HCMS-201l/-231l/-2351 
and HCMS-20131-2313/-2353 
are categorized 
for color with the color category 
designated 
by a 
number 
on the back of the package. 


7. Ti refers to the ioitial 
case temperature 
of the display immediately 
prior to the light measurement. 


8. Dominant 
wavelength, 
A.., is derived from the CIE Chromaticity 
Diagram, 
and represents 
the single wavelength 
which 
dermes the color of the device. 
9. The luminous 
sterance 
of the iodividual 
LED ~ixels may be calculated 
usiog the following equations: 
L (cdlm2) = I (Candela)*DF/A(Metre) 
L (Footla';ru,erts) 
= ,d (Candela)*DF/A(Foot)2 
v 
Where: A = LED pixel area = 5.3 x 1O·8~ or 5.8 x 10·7ft2 
DF = LED on-time duty factor 


vo" 
VB 
20V' 
r- 


V,L08V 
~ILr 
~tOFFJ 
'ON 


ONflLLUMINATED) 
~ 
DISPLAY 
90% 


OFF 
(NOT 
ILLUMINATEDI'O% 


Parameter 
Condition 
Typ. 
Max. 
Units 
fdock CLOCK 
Rate 
5 
MHz 


tpLlI'tpHL 
CL= 15 pF 
105 
ns 
Propagation 
Delay 
Rr, = 2.4 kQ 
CLOCK to DATA 
OUT 


tOFF 
VB(0.4 V) to 
Display OFF 
4 
5 
tON 
IJ.s 
VB(2.4 V) to 
Display ON 
1 
2 


I 
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Figure 
1. Maximum 
Allowable 
Power 
Dissipation 
vs Ambient 
Tem- 
perature 
as a Function 
of Thermal 
Resistance 
Junction-to·Ambient, 
R9J.A' Derated 
Operation 
Assumes 
R9pc.A • 35°CIW 
per Display for 
Prmted 
Circuit 
Board. 
!r (lC) MAX = 130'C. 
Ke J.A (T 
• lOO"C) 
• ~oCIW 
for HCMS-235X Series 
• 32°CIW 
for HCMS-231X Series 
• 38°CIW 
for HCMS-201X Series 


Electrical Description 
Each display device contains 
four 5x7 LED dot matrix 
characters and two CMOS 
integrated 
circuits, as shown in 
Figure 4. The two CMOS inte- 
grated circuits form an on-board 
28 bit serial-in-parallel-out 
shift 
register that will accept stand- 
ard TIL logic levels. The Data 
Input, pin 12, is connected to bit 
position 1 and the Data Output, 
pin 7, is connected to bit posi- 
tion 28. The shift register out- 
puts control constant current 
sinking LED row drivers. 
The 
nominal current sink per LED 
driver is lImA for the HCMS- 
201X displays, 13mA for the 
HCMS-231X displays and 18mA 
for the HCMS-235X displays. A 
logic 1 stored in the shift regis- 
ter enables the corresponding 
LED row driver and a logic 0 
stored in the shift register dis- 
ables the corresponding LED 
row driver. 


The electrical configuration of 
these CMOS IC alphanumeric 
displays allows for an effective 
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Figure 
2. Relative 
Luminous 
Intensity 
vs Display 
Pin 
Temperature 


interface to a display controller 
circuit that supplies decoded 
character information. 
The row 
data for a given column (one 7 
bit byte per character) is loaded 
(bit serial) into the on-board 28 
bit shift register with high to 
low transitions 
of the Clock 
input. 
To load decoded charac- 
ter information into the display, 
column data for character 4 is 
loaded first and the column data 
for character 1 is loaded last in 
the following manner. 
The 7 
data bits for column 1, character 
4, are loaded into the on-board 
shift register. 
Next, the 7 data 
bits for column 1, character 3, 
are loaded into the shift regis- 
ter, shifting the character 4 
data over one character posi- 
tion. This process is repeated 
for the other two characters 
until all 28 bits of column data 
(four 7 bit bytes of character 
column data) are loaded into the 
on-board shift register. 
Then 
the column 1 input, VeaL pin 1, 
is energized to illuminate 
column 1 in all four characters. 
This process is repeated for 
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Figure 
3. Peak Colunm 
Current 
vs 
Colunm 
Voltage 


columns 2, 3, 4 and 5. All VeaL 
inputs should be at logic low to 
insure the display is off when 
loading data. The display will 
be blanked when the blanking 
input VB' pin 8, is at logic low 
regardless of the outputs of the 
shift register or whether one of 
the VeaL inputs is energized. 


Refer to Application Note 1016 
for drive circuit information. 


ESD Susceptibility 
The HCMS-201X1-231X1-235X 
series displays have an ESD 
susceptibility ratings of CLASS 
3 per DOD-STD-1686 and 
CLASS B per MIL-STD-883C. 
It is recommended that normal 
CMOS handling precautions be 
observed with these devices. 


Soldering and Post 
Solder Cleaning 
These displays may be soldered 
with a standard wave solder 
process using either an RMA 
flux and solvent cleaning or an 
OA flux and aqueous cleaning. 


COLUMN 
DRIVE 
INPUTS 


COLUMN 
1 
2 
3 
4 
5 


1234567 


BLANKING 
ROWS 


CONTROL. 
VB 
- 


LEO 
MATRIX 


4 


SERIAL 
DATA 
INPUT 


SERIAL 
DATA 
OUTPUT 


For optimum soldering, the 
solder wave temperature 
should 
be 245"C and the dwell time for 
any display lead passing 
through the wave should be 11/2 
to 2 seconds. The recommended 
solvent for post solder cleaning 
is Genesolv DES, manufactured 
by Allied Chemical. 
For 


aqueous cleaning, a water 
temperature 
of 60°C (140°F) 


with an immersion time not 
exceeding 15 minutes is recom- 
mended. 
For more detailed 
information, refer to Application 
Note 1027 Soldering 
LED 


Components. 


Contrast Enhancement 
When used with the proper con- 
trast enhancement 
filters, the 
HCMS-235X series displays are 
readable in sunlight and the 
HCMS-201X/231X series dis- 


plays are readable in daylight 
ambients. Refer to Application 
Note 1029 Luminous 
Contrast 
and Sunlight 
Readability 
of the 
HDSP-238X 
Series Alphanu- 
meric Displays for Military 
Applications for information on 
contrast enhancement 
for sun- 
light and daylight ambients. 
Refer to Application Note 1015 
Contrast Enhancement 
Tech- 
niques for LED Displays for 
information on contrast 
enhancement 
in moderate 
ambients. 


Night Vision Lighting 
When used with the proper 
NVG/DV filters, the HCMS- 
2311/-2351 and HCMS-2133/- 
2353 displays may be used in 
night vision lighting applica- 
tions. The HCMS-2311/-2351 
(yellow) displays are used as 


master caution and warning 
indicators. The HCMS-2313/- 
2353 (high performance green) 
displays are used for general 
instrumentation. 
For a list of 


NVG/DV filters and a discussion 
on night vision lighting technol- 
ogy, refer to Application Note 
1030 LED Displays 
and Indica- 


tors and Night 
Vision Imaging 


System Lighting. 


Controller Circuits, 
Power Calculations and 
Display Dimming 
Refer to Application Note 1016 
Using the HDSP-2000 
Alphanumeric 
Display Family 


for information on controller 
circuits to drive these displays, 
how to do power calculations 
and a technique for display 
dimming. 


I 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
2072 
Interpreted 
by HP Procedure 
5956-7512-52 


2. High Temperature 
Storage 
1032 
TA= 125°C, Time = 24 hoursl3] 


3. Temperature 
Cycling 
1051 
Condition B, 10 cycles, 15 minute 
dwell 


4. Constant 
Acceleration 
2006 
10,000 G's at Y1 orientation 


5. Fine Leak 
1071 
Condition H 


6. Gross Leak 
1071 
Condition C or K14] 


7. Interim Electrical/ 
I 
- 
Inn (at VB= 0.4 V and 2.4 V), ICOL(at VB= 0.4 V 
Optical Tests[J] 
and 2.4 V) 
IIH(VB' Clock and Data In), IlL(VB' Clock and Data 
In), IoH' IOLand IVPf:AK'VIHand VILinputs 
are 


guaranteed 
by the electronic shift register 
test. 


TA= 25°C 


8. Burn-Inll] 
1015 
Condition Bat Vnn = VB= 5.25 V, VCOL= 3.5 V, 
TA= +100°C 
LED ON-Time Duty Factor = 5%, 35 Dots On; 
t = 160 hours 


9. Final Electrical 
Testl2] 
- 
Same as step 7 


10. Delta Determinations 
- 
Mnn = ±6 mA, 6IIH (clock) = ±10 }lA, 
MIH (Data In) = ±10 }lA 
MOH= ±10% of initial value, and 
Mv = -20%, TA= 25°C 
11. External 
Visualll] 
2009 


Notes: 
1. MIL-STD-883 
Test Method 
applies. 


2. Limits and conditions 
are per the electricaVoptical 
characteristics. 
The IOH and IOL tests are the inverse of VOll and VOL 


specified in the electrical 
characteristics. 
3. T. = +lOO°C for HCMS-20131-2313/-2353. 
4. Fluid temperature 
= +100°C for HCMS-2013/-2313/-2353. 


Subgroup 
Test 
Parameters 
LTPD 
Subgroup 
1 
DC Electrical 
Tests at 25°CIl] 
Inn (at VB= 0.4 V and 2.4 V), ICOL(at VB= 0.4 V and 2.4 V) 
Im (VB' Clock and Data In), IlL(VB' Clock and Data In), 
5 
IoH' IOLVisual Function and IVPEAK'VIHand VILinputs are 
guaranteed 
by the electronic shift register 
test. 


Subgroup 
2 
DC Electrical 
Tests at High 
Same as Subgroup 1 except delete Iv and visual 
7 


Temperature[I] 
function, TA= +100°C 


Subgroup 
3 
DC Electrical 
Tests at Low 
Same as Subgroup 1 except delete Iv and visual 
7 
Temperature!l] 
function, TA= -55°C 


Subgroup 
4, 5, and 
6 not 
tested 


Subgroup 
7 
Optical and Functional 
Tests 
Satisfied by Subgroup 1 
5 


at 25°C 


Subgroup 
8 
, 


External 
Visual 
MIL-STD-883, Method 2009 
7 


Notes: 
1. Limits and conditions 
are per the elcctricaVoptical 
characteristics. 
The 
1011 and IOL tests are the inverse orvOH 
and 
VOL 


specified in the electrical 
characteristics. 
4-270 


MIL·STD·750 
Sample 
Subgroup Test 
Method 
Conditions 
Size 


Subgroup 1 
Resistance 
to Solvents 
1022 
4 Devices! 
o Failures 


Internal 
Visual 
and Design 
2075[7J 
1 Device/ 
Verification[l! 
o Failures 


Subgroup 
2[2,3] 


Solderability 
2026 
TA ; 245°C for 5 seconds 
LTPD; 
15 


Subgroup 3 
Thennal 
Shock (Temp. Cycle) 
1051 
Condition 
Bl, 15 minute 
dwell 
LTPD; 
15 


Moisture 
Resistance['] 
1021 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condi tion C or Kl8! 


Electrical/Optical 
Endpoints!'! 
- 
Inn ( at VB; 
0.4 V and 2.4 V), IcOL(at 
VB; 
0.4 V and 2.4 V), IlH (VB' Clock and 
Data In), IlL (VB' Clock and Data In), 
IoH' IOLVisual 
Function 
and IVPEAK' 
VIHand V1Linputs 
are guaranteed 
by 
the electronic 
shift register 
test. 


TA; 
25°C 


Subgroup 4 
Operating 
Life Test (340 hrs.) 
1027 
TA; 
+100°C at Vnn; 
VB; 
5.25 V, 
VcOL; 3.5 V, LED ON-Time 
Duty 
LTPD; 
10 


Factor; 
5%, 35 Dots On 


Electrical/Optical 
Endpoints['] 
- 
Same as Subgroup 
3 


Subgroup 5 
Non-Operating 
Storage 
Life 
1032 
TA ; +125°C!6J 
LTPD; 
10 


Test (340 hrs.) 


Electrical/Optical 
Endpoints['! 
- 
Same as Subgroup 
3 


Notes: 
1. Visual inspection is performed through the display window. 
2. Whenever electricaVoptical tests are not required as endpoints, electrical rejects may be used. 
3. The LTPD applies to the number ofleads inspected except in no case shall less than 3 displays be used to provide the number 


ofleads required. 


4. Initial conditioning is a 15° inward bend for one cycle. 
5. Limits and conditions are per the electricaVoptical characteristics. The 10" and IOLtests are the inverse of V 
and V 


specified 
in the electrical 
characteristics. 
OH 
OL 
6. T. ; 100°C for HCMS-20131-2313/-2353. 
7. Equivalent to MIL-STD-883, Method 2014. 
8. Fluid temperature; 
+lOO°Cfor HCMS-2013/-23131-2353. 


• 


Mll..·STD·750 
Sample 
Subgroup 
Test 
Method 
Conditions 
Size 


Subgroup 
1 
Physical Dimensions 
2066 
2 Devices! 
o Failures 


Subgroup 
2[21 
Lead Integrityl"'] 
2004 
Condition B2 


Fine Leak 
1071 
Condition H 
LTPD = 15 


Gross Leak 
1071 
Condition Cor 
KllOJ 


Subgroup 
3 
Shock 
2016 
15009. Time = 0.5 ms, 5 blows in 
LTPD = 15 
each orientation 
XI' YI' Z, 


Vibration 
Variable Frequency 
2056 


Constant 
Acceleration 
2006 
10,000G at Y, orientation 


External 
Visual[4] 
1010 or 1011 


Electrical/Optical 
Endpoints[81 
- 
IDD (at VB= 0.4 V and 2.4 V), ICOL(at VB= 0.4 V 
and 2.4 V), IIH(VB' Clock and Data In), 
IlL(VB' Clock and Data In), IOH'IoC' Visual 
Function 
and IVPEAK'VIHand V1Linputs 


are guaranteed 
by the electronic 
shift register 


test. 
TA= 25·C 


Subgroup 
4[1,31 
Salt Atmosphere 
1041 
LTPD = 15 
External 
Visual[4] 
1010 or 1011 


Subgroup 
5 
Bond Strength[S] 
2037 
Condition A 
LTPD= 
20 
(C =0) 


Subgroup 
6 
Operating 
Life Test[6] 
1026 
TA= +100·C at VDD = VB= 5.25 V, VCOL= 3.5 V 
LED ON-Time Duty Factor = 5%, 35 Dots On 
A = 10 
Electrical/Optical 
Endpoints[8] 
- 
Same as Subgroup 3 


Notes: 
1. Whenever 
electricaVoptical 
tests are not required 
as endpoints, 
electrical rejccts may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 
of leads required. 


3. Solderability 
samples shall not be used. 


4. Visual requirements 
shall be as specified in MIL-STD-883, Methods 
1010 or lOll. 


5. Displays may be selccted prior to seal. 
6. If a given inspection 
lot undergoing 
Group B inspection 
has been selected to satisfy Group C inspection 
requirements 
the 340 
hour life tests may be continued 
on test to 1000 hours in order to satisfy the Group C life test requirements. 
In such cases 
either the 340 hour endpoint 
measurements 
shall be made a basis for Group B lot acceptance 
or the 1000 hour endpoint 
measurement 
shall be used as the basis for both Group B and Group C acceptance. 
7. MIL-STD-883 test method applies. 
8. Limits and conditions 
arc per the electricaVoptical 
characteristics. 
The 
1011 and IOL tests are the inverse of VOil and V 


specified 
in the electrical 
specifications. 
OL 


9. Initial conditioning 
is a 15· inward bend for three cycles. 
10. Fluid temperature 
= +100·C for HCMS-2013/-23131-2353. 


HEWLETT 
PACKARD 


Features 


• 
MILITARY 
QUALIFIED 
LISTED 
ON MIL-D-87157 


QPL 


• 
TRUE 
HERMETIC 
PACKAGE 


• 
TXV VERSION 
AVAILABLE 


• 
THREE 
CHARACTER 
OPTIONS 


Numeric, 
Hexadecimal, 
Over Range 


• 
4 x 7 DOT MATRIX 
CHARACTER 


• 
PERFORMANCE 
GUARANTEED 
OVER 


TEMPERATURE 


• 
HIGH TEMPERATURE 
STABILIZED 


• 
SOLDER 
DIPPED 
LEADS 


• 
MEMORY 
LATCH/DECODER/DRIVER 


TTL Compatible 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


These 
standard 
red 
solid 
state 
displays 
have 
a 7.4 mm 


(0.29 inch) 
dot matrix 
character 
and an on-board 
IC with 


data memory 
latch/decoder 
and LED drivers 
in a glass/ 


ceramic 
package. 
These 
devices 
utilize 
a solder 
glass frit 


seal and conform 
to the hermeticity 
requirements 
of MIL- 


0-87157, the general 
specification 
for LED displays. 
These 
4N5X series displays 
are designed 
for use in military 
and 


aerospace 
applications. 


These military qualified 
displays are designated 
as M87157/ 


00101 AAX through -/00104AAX in the MIL-D-87157 Qualified 
Parts List (QPL). The letter designations 
at the end of the 


T 
1.5 


(0.061 
74 


'0291t-l 


102 MAX--l 
AIdt: 
•. 


- 
(0400) 
,..., I .••••u r 


- I 
15 
(0061 


--.1 


5.6 1- 
(0.:21 


JAN QUALIFIED, HERMETIC, NUMERIC 


AND HEXADECIMAL DISPLAYS FOR 


MILITARY APPLICATIONS 


4N51/4N51TXV 
I JM87157I 00101AAX 


4N52I 4N52TXV I JM87157 I 00102AAX 
4N53I 4N53TXV I JM87157 I 00103AAX 
4N54/4N54TXV 
I JM87157 I 00104AAX 


• 


part numbers 
are defined 
as follows: 
"AU signifies 
MIL-D- 
87157 Quality 
Level A. "AU signifies 
solder 
dipped 
leads, 
"X" signifies 
the luminous 
intensity 
category. 


The 
4N51 
numeric 
display 
decodes 
positive 
8421 BCD 


logic 
inputs 
into 
characters 
0-9, 
a 
"-" 
sign, 
a test 


pattern, 
and four blanks in the invalid 
BCD states. The unit 
employs 
a right-hand 
decimal 
point. 


The 4N52 is the same as the 4N51 except 
that the decimal 
point 
is located 
on the left-hand 
side of the digit. 


The 
4N54 
hexadecimal 
display 
decodes 
positive 
8421 


logic 
inputs 
into 
16 states, 
0-9 and A-F. 
In place 
of the 


decimal 
point an input 
is provided 
for blanking 
the display 


(all LED's off), without 
losing the contents 
of the memory. 


The 4N53 is a "±1." 
overrange 
display, 
including 
a right- 


hand decimal 
point. 


FUNCTION 


4N51 
4N54 


PIN 
4N52 
HEXA· 
NUMERIC 
DECIMAL 
, 
Input 
2 
Input 2 
2 
Input 
4 
Input 4 
3 
Input 8 
Input 
8 


4 
Decimal 
Blanking 
point 
control 
5 
latch 
Latch 


enable 
enable 


6 
Ground 
Ground 


7 
Vee 
Vee 


8 
Input 
1 
Input 1 


"l. 
1.5 


(0.061 
74 


(0.291 


J. I 


.... 
: 
:1- 
: +-;-'- 
..~. 
I 
J~ 
5----'- 


~ 
.L 
f:i8g1 


-~ 
.• 
15 
SEATING 
/.151 
1.06) 


PLANE 
I 
I 
3.4 
~' -n' 


13 TV' J,[ Q~, 
1_ 0.5 '0.08 TV'. 
(,OSO) 
1.020 •. 0031 


___ 
2.5.:.0.13TVP. 


(.10 !.OO5J 


NOTES: 
1. Dimensions in millimetresand 
linched. 


2. 
Unless otherwise specified, the tolerance 
on all dimensions is' .3Bmm (t .015") 
3. 
Digit center line is ±.25mm 
("t.Ol") 
from package center line. 


4. Solder dipped leads. 
5. See over range package drawing for 


HP standard marking. 


Absolute Maximum Ratings* 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage 
temperature, 
ambient 
Ts 
-65 
+125 
°C 


Operating 
temperature, 
ambient 
1',2) 
TA 
-55 
+100 
°C 


Supply 
voltage 
(3) 
Vee 
-0.5 
+7.0 
V 


Voltage 
applied 
to 
input 
logic, 
dp and 
enable 
pins 
V"VDP,VE 
-0.5 
Vee 
V 


Voltage 
applied 
to blanking 
input 
(7) 
VB 
-0.5 
Vee 
V 


Maximum 
solder 
temperature 
at 1.59mm 
(.062 
inch) 
260 
°C 
below 
seating 
plane; 
t ~ 5 seconds 


ReCommended operating 
Conditions * 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
(1,2) 
TA 
-55 
+100 
°C 


Enable 
Pulse 
Width 
tw 
100 
" 


nsec 


Time 
data 
must 
be held 
before 
positive 
transition 


.tSETUP 
50 
nsec 
of enable 
line 


Time 
data 
must 
be held 
after 
positive 
transition 
tHOLD 
50 
nsec 
of enable 
line 


Enable 
pulse 
rise time 
hLH 


" 
200 
nsec 


Electrical/Optical Characteristics 'iTA 
= -55°C 
to +100°C, 
unless 
otherwise 
specified) 


Description 
Symbol 
Test Conditions 
Min. 
Typ.") 
Max. 
Unit 


Supply 
Current 
Ice 
Vcc 
= 5,5 V (Characters 
112 
170 
mA 


Power 
dissipation 
PT 
"5." or "B") 
560 
935 
mW 


Luminous 
intensity 
per 
LED 
I, 
Vee=5.0V, 
TA=25°C 
40 
85 
",cd 
(Digit 
average) 
("') 


Logic 
low-level 
input 
voltage 
VIL 
0.8 
V 


Logic 
high-level 
input 
voltage 
VIH 
2.0 
V 


Enable 
low-voltage; 
data 
being 
VEL 
Vee=4.5V 
0.8 
V 
entered 


Enable 
high-voltage; 
data 
not 
VEIl 
2.0 
V 
being 
entered 


Blanking 
low-voltage; 
display 
VBL 
0.8 
V 
not 
blanked 
(7) 


Blanking 
high-voltage; 
display 
VBH 
3.5 
V 
blanked 
(7) 


Blanking 
low-level 
input 
current 
(7) 
IBL 
Vee=5.5V, 
VBL=0.8V 
50 
",A 


Blanking 
high-level 
input 
current 
(71 


' 
BH 
Vee=5.5V, 
VBH=4.5V 
1.0 
mA 


Logic 
low-level 
input 
current 
IlL 
Vee=5.5V, 
VIL=0.4V 
-1.6 
mA 


Logic 
high-level 
input 
current 
IIIi 
Vee=5.5V, 
VIH=2.4V 
+100 
",A 


Enable 
low-level 
input 
current 
IEL 
Vee=5.5V, 
VEL=O.4V 
-1.6 
mA 


Enable 
high-level 
input 
current 
IEH 
Vee=5.5V, 
VEH=2.4V 
+130 
",A 


Peak 
wavelength 
APEAK 
TA=25°C 
655 
nm 


Dominant 
Wavelength 
(8) 
Ad 
TA=25°C 
640 
nm 


Weight 
•• 
1.0 
gm 


Leak 
Rate 
5x10 
• 
cc/sec 


Notes: 
1. Nominal 
thermal 
resistance 
of a display 
mounted 
in a socket which 
is soldered 
into a printed 
circuit 
board: 6JA=5fY'CIW; 
8JC=15° CIW. 
2. 6eA of a mou nted display should not exceed 35° CIW for operation 
up to TA=+100" C. 3. Voltage values are with respectto 


device ground, 
pin 6. 4. All typical values at Vee=5.0 Volts, T,=25°C. 
5. These displays are categorized 
for luminous 
intensity 
with the in- 


tensity 
category 
designated 
by a letter located 
on the back of the display 
contiguous 
with the Hewlett-Packard 
logo marking. 
6. The 
luminous 
intensity 
at a specific 
ambient 
temperature, 
Iv(T A), may be calculated 
from this relationship: 
Iv(T A)=lv(2'o C)(.985) (T.-2S·CI 


7. Applies 
only to 4N54. 8. The dominant 
wavelength, 
hd, is derived from the CIE chromaticity 
diagram 
and represents the single wave- 


length which 
defines the color of the device. 
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Figure 1. Timing Diagram of 4N51-4N54 


H 
L 
L 
H 
Series Logic. 


H 
L 
H 
L 


H 
L 
H 
H 
(BLANK) 


Pin. 
H 
H 
L 
L 
(BLANK) 


~~ 


H 
H 
L 
H 
Vcc 


ENABLE 
5~ 
H 
H 
H 
L 
{BLANK) 


LOGIC 
a_Xl 
H 
H 
H 
H 
(BLANK) 


'_X2 


ON 
VOP = l 
INPUT 
2-X4 
LATCH 
I- 
MATRIX 
DECIMAL 
PT.121 
3-X8 
MEMORY 
DECODER 
OFF 
VOP = H 


Dpl21 
4-DP 
LOAD 
DATA 
V, 
-L 


ENABLEI1] 


j 
LATCH 
DATA 
V, 
-H 


0' 
BLANKINGl31 


DISPLAY·ON 
v, 
- L 


DISPLAY·OFF 
V, 
-H 


BLANKING!)] 
LEO 
LEO 
MATRIX 
I- 
CONTROL 
4_ 
DRIVER 
MATRIX 


Notes: 


GROUND 
'--:L 
1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
disptay memory, displayed character, or D.P. 


2. The decimal point input, DP, pertains only to the 4N51 and 4N52 


Figure 2. Block Diagram of 4N51-4N54 
displays. 


Series Logic. 
3. The blanking control input, B, pertains only to the4N54 hexadecimal 
display. Blanking input has no effect upon display memory. 
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Figure 3. Typical Blanking Control 
Figure 4. Typical Blanking Control 
Figure 5. Typical Latch Enable Input 


Current ys. Voltage for 4N54. 
Input Current ys. Ambient 
Current ys. Voltage. 


Temperature for 4N54. 
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Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Ambient Temperature. 


Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


ELECTRICAL 


The 4N51-4N54 
series 
devices 
use a modified 
4 x 7 dot 
matrix 
of 
light 
emitting 
diodes 
(LED's) 
to 
display 
decimal/hexadecimal 
numeric 
information. 
The LED's are 
driven 
by constant 
current 
drivers. 
BCD 
information 
is 
accepted 
by the display 
memory 
when the enable line is at 
logic 
low and the data 
is latched 
when 
the enable 
is at 
logic high. To avoid the latching 
of erroneous 
information, 


the 
enable 
pulse 
rise 
time 
should 
not 
exceed 
200 
nanoseconds. 
Using 
the 
enable 
pulse 
width 
and 
data 
setup 
and 
hold 
times 
listed 
in 
the 
Recommended 
Operating 
Conditions 
allows 
data to be clocked 
into an 
array 
of displays 
at a 6.7MHz 
rate. 


The 
blanking 
control 
input 
on the 4N54 display 
blanks 
(turns 
off) the displayed 
hexadecimal 
information 
without 
disturbing 
the contents 
of display 
memory. 
The display 
is blanked 
at a minimum 
threshold 
level of 3.5 volts. This 
may be easily achieved 
by using an open collectorTTL 
gate 
and a pull-up 
resistor. 
For example, 
(1/6) 7416 hexinverter 
buffer/driver 
and a 120 ohm pull-up 
resistor 
will 
provide 
sufficient 
drive 
to blank 
eight 
displays. 
The 
size of the 
blanking 
pull-up 
resistor 
may 
be calculated 
from 
the 
following 
formula, 
where N is the number 
of digits: 


R''''k = (Vee - 
3.5V)/[N 
(1.0mA)] 


The decimal 
point 
input 
is active 
low true and this data is 
latched 
into 
the display 
memory 
in the same fashion 
as 
the BCD data. The decimal 
point 
LED is driven 
by the on- 
board 
IC. 


The 
ESD susceptibility 
of the 
IC devices 
is Class 
A of 


MIL-STD-883 
or 
Class 
2 of 
DOD-STD-1686 
and 
DOD- 
HDBK-263. 


4N51-4N54 
series displays 
are hermetically 
tested for use 
in environments 
which 
requi,re a high 
reliability 
device. 


These 
displays 
are designed 
and tested to meet a helium 


leak 
rate of 5 x 10-8 CC/SEC 
and a fluorocarbon 
gross 


leak bubble 
test. 


These displays 
may be mounted 
by soldering 
directly 
to a 


printed 
circuit 
board 
or inserted 
into a socket. 
The lead- 
to-lead 
pin spacing 
is 2.54mm 
(0.100 inch) 
and the lead 
row spacing 
is 15.24mm 
(0.600 inch). 
These displays 
may 


be end stacked 
with 2.54mm (0.100 inch) spacing 
between 
outside 
pins of adjacent 
displays. 
Sockets 
such as Augat 


324-AG2D 
(3 digits) 
or Augat 
508-AG8D 
(one digit, 
right 


angle 
mounting) 
may be used. 


The primary 
thermal 
path for power dissipation 
is through 
the device leads. Therefore, 
to insure reliable 
operation 
up 


to an ambient 
temperature 
of +10OCC, it is important 
to 


maintain 
a case-to-ambient 
thermal 
resistance 
of 
less 


than 
35°C/watt 
as measured 
on top of display 
pin 3. 


Post solder 
cleaning 
may 
be accomplished 
using 
water, 


Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


processing 
(up 
to 
2 
minutes 
in 
vapors 
at 
boiling) 
or 


Freon/alcohol 
mixtures 
formulated 
for room temperature 


cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 
DI-15, 
Genesolv 
DE-15. 


PRECONDITIONING 


4N51-4N54 
series displays 
are 100% preconditioned 
by 24 
hour storage 
at 125° C. 


CONTRAST 
ENHANCEMENT 


The4N51-4N54 
displays 
have been designed 
to providethe 
maximum 
posible 
ON/OFF 
contrast 
when 
placed 
behind 
an 
appropriate 
contrast 
enhancement 
filter. 
Some 
suggested 
filters 
are Panelgraphic 
Ruby Red 60 and Dark 
Red 63, SGL Homalite 
H100-1605, 
3M Light 
Control 
Film 
and 
Polaroid 
HRCP 
Red Circular 
Polarizing 
Filter. 
For 


further 
information 
see Hewlett-Packard 
Application 
Note 


1015. 


Solid State Over Range Display 


For display 
applications 
requiring 
a ±, 1, or decimal 
point 
designation, 
the 4N53 over range 
display 
is available. 
This 
display 
module comes in the same package as the 4N51-4N54 series numeric 
display 
and is completely 
compatible 
with it. 


package Dimensions* 
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(50821 
""'pm 


(739X~_ 
DATE 
CODE 
~~~ 


.•.•...•. 
'IN 
1 KEY 
(.050) 
(.020t.OO3) 
TRUTH 
TABLE 
4j2~ 
2.510.13 
TVP. 
(.10d)()S) 
CHARACTER 
PIN 
REAR 
END 
8 
HP STANDARD 
MARKING 
1 
2,3 
4 


PIN 
FUNCTION 
+ 
H 
X 
X 
H 


1 
Plus 
- 
L 
X 
X 
H 


NOTES: 
2 
Num.r.IOn. 


1. DIMENSIONS 
IN 
MILLIMETRES 
AND 
llNCHES). 
3 
Num.r.IOn. 
1 
X 
H 
X 
X 


2. UNLESS 
OTHERWISE 
SPECIFIED, 
THE 
TOLERANCE 
4 
DP 
Decimal Point 
X 
X 
H 
X 
ON 
ALL 
DIMENSIONS 
IS 1.38 
MM 
(1 .015INCHESJ. 
5 
Open 
Blank 
L 
L 
L 
L 


6 
Open 
7 
V" 
NOTES: L: Line switching transistor in Figure 9 cutoff. 
. 
Minul 
Ius 
H: 
Line switching transistor in Figure 9 saturated. 


X: 'Don't care' 
Electrical/Optical Characteristics * 
4N53 (TA = -55°C 
to +100°C, 
Unless Otherwise 
Specified) 


DESCRIPTION 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Forward Voltage per LED 
VF 
IF = 10mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF = 10 mA 
all diodes lit 
280 
320 
mW 
Luminous-Intensity 
per LED (digit average) 
Iv 
IF = 6 mA 
40 
85 
Tr = 25°C 
I'cd 


Peak wavelength 
Apeak 
Tr: = 25°C 
655 
nm 


Dominant Wavelength 
Ad 
TC= 25°C 
640 
nm 


Weight •••• 
1.0 
gm 


Recommended Operating 
Conditions * 
Absolute Maximum Ratings * 


SYMBOL MIN NOM MAX UNIT 
DESCRIPTION 
SYMBOL 
MIN. 
MAX, 
UNIT 


LED supply voltage 
VCC 
4.5 
5.0 
5.5 
V 
Storage temperature, 
ambient 
TS 
-65 
+125 
°c 
Forward current, each LED 
IF 
5.0 
10 
mA 
Operating temperature, 
ambient 
TA 
-55 
+100 
°c 


NOTE: 
Forward current, each LED 
IF 
10 
mA 
LED current must be externally limited. 
Refer to Figure 9 
Reverse voltage, each LED 
VR 
4 
V 
for recommended 
resistor values. 
•JEDEC Registered Data. 
•• Non Registered Data. 


• 
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vlQII ••••CU•••• Il;;;"lIQUlIlly 
lC,",llll~ 
""1U~t alii::> 
Cllc 
c1Vc111c1Ult::. 
I 
With Table I I 
With Tables 
I, 
The 
military 
program 
provides 
QPL 
parts 
that 
comply 
to 
Standard 
Product 
and II 
II, ilia and IVa 
MIL-D-87157 
Quality 
Level A, per Tables I, II, Ilia, and IVa. 


A 
second 
program 
is 
an 
HP 
modification 
to 
the 
full 
PREFERRED 
PART NUMBER 
SYSTEM 


conformance 
program 
and 
offers 
the 
100% 
screening 
4N51 
4N51TXV 
JM87157/00101AAX 


portion 
of 
Level 
A, Table 
I, and 
Group 
A, Table 
II. 
In 
4N52 
4N52TXV 
JM87157/ 
001 02AAX 


addition, 
a MIL-D-87157 
Level 
B equivalent 
testing 
pro- 
4N54 
4N54TXV 
JM87157/ 
001 03AAX 


gram 
is available 
upon 
request. 
4N53 
4N53TXV 
JM87157/ 
001 04AAX 


100% 
Screening 
TABLE 
I. 
, 


QUALITY 
LEVEL 
A OF MIL-D-87157 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. 
Precap Visual 
2072 
Interpreted 
by HP Procedure 
5956-7572-52 


2. 
High Temperature 
Storage 
1032 
TA = 125°C, Time = 24 hours 


3. 
Temperature 
Cycling 
1051 
Condition 
B, 10 Cycles, 
15 Min. Dwell 


4. 
Constant 
Acceleration 
2006 
10,000 G's at Yl orientation 


5. 
Fine Leak 
1071 
Condition 
H 


6. 
Gross Leak 
1071 
Condition 
C or K 


7. 
Interim 
Electrical/Optical 
Testsl21 
- 
lv, Ice, ISL, ISH, IEL, IEH, IlL. and ilH 
TA=25°C 


8. 
Burn-lnl1,31 
1015 
Condition 
Bat 
Vee = 5V and cycle 


through 
logic at 1 character 
per second. 


TA = 100°C, t = 160 hours 


9. 
Final Electrical 
Testl2] 
- 
Same as Step 7 


10. 
Delta Determinations 
- 
.llv 
= -20%, .lIce 
= ± 10 mA, £lIIH = ±10!'A 
and .lIEH = ±13!'A 


11. 
External 
Visuail11 
2009 


Notes: 
. 


1. MIL-STD-883 Test Method applies. 
2. Limits and conditions are per the electrical/optical 
characteristics. 


3. Burn-in for the over range display shall use Condition B at a nominal IF = 8 mA per LED, with all LEOs illuminated for t = 160 hours 


minimum. 


TABLE 
II 


GROUP 
A ELECTRICAL 
TESTS 
- 
MIL-D-87157 


Test 
Parameters 
LTPD 


SUbgroup 
1 
DC Electrical 
Tests at 25°C111 
lv, Ice, IsL. ISH, IEL, IEH, ilL. and ilH and 
5 


visual function, 
TA = 25° C 


SUbgroup 
2 
DC Electrical 
Tests at High 
Same as SUbgroup 
1, except 
delete 
Iv and visual 
7 


Temperaturel11 
function. 
TA = +100°C 


SUbgroup 
3 
DC Electrical 
Tests at Low 
Same as SUbgroup 
1, except 
delete 
Iv and visual 
7 


Temperaturel11 
function. 
TA = -55°C 


Subgroup 
4, 5, and 6 not applicable 


I 


SUbgroup 
7 
Optical 
and Functional 
Tests at 25° C 
Satisfied 
by SUbgroup 
1 
5 
I 


SUbgroup 
8 
External 
Visual 
MIL-STD-883, 
Method 
2009 
7 


Limits and conditions are per the electrical/optical 
characteristics. 


'. 


1. 


TABLE ilia 
GROUP 
B, CLASS A AND B OF MIL-D-87157 


MIL-STD·750 
Test 
Method 
Conditions 
Sample 
Size 


SUbgroup 
1 
Resistance 
to Solvents 
1022 
4 Devices/ 
o Failures 
Internal 
Visual 
and 
2075[7) 
1 Device/ 


Design 
Verificationl1] 
o Failures 


Subgroup 
2[2,3] 
Solderability 
2026 
TA = 245° C for 5 seconds 
LTPD= 
15 


SUbgroup 3 
Thermal 
Shock 
(Temp. 
Cycle) 
1051 
Condition 
81, 15 Min. Dwell 
LTPD = 15 


Moisture 
Resistance[4) 
1021 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or K 


Electrical/Optical 
Endpointsl5] 
- 
lv, Ice, ISL, ISH, IEL, IEH, ilL. IIH and 
visual 
function. 
TA = 25°C 


SUbgroup 
4 
Operating 
Life Test (340 hrs.)161 
1027 
TA = +100° Cat 
Vee = 5.0V and 
LTPD = 10 
cycling 
through 
logic at1 
character 
per second. 


Electrical/Optical 
Endpoints[5] 
- 
Same as Subgroup 
3. 


Subgroup 
5 
Non-operating 
(Storage) 
Life 
1032 
TA=+125°C 
LTPD=10 
Test (340 hrs.) 


Electrical/Optical 
Endpointsl51 
- 
Same as Subgroup 
3 


Notes: 
1. Visual inspection performed through the display window. 
2. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 


3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of 
leads required. 


4. Initial conditioning 
is a 15° inward bend, one cycle. 


5. Limits 
and 
conditions 
are per the electrical/optical 
characteristics. 


6. Burn-in for the over range display shall use Condition 
B at a nominal IF = 8 mA per LED, with all LEOs illuminated 
for t = 160 hours 
minimum. 
7. Equivalent to MIL-STD-883, Method 2014. 
• 


TABLE 
IVa 


GROUP 
C, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Sample 


Test 
Method 
Conditions 
. 
Size 


Subgroup 
1 
Physical 
Dimensions 
2066 
2 Devices/ 
o Failures 


Subgroup 
2[2,7,9] 
LTPD=15 


Lead 
Integrity 
2004 
Condition 
B2 


Fine Leak 
1071 
Condition 
H 


Gross 
Leak 
1071 
Condition 
C or K 


Subgroup 
3 
Shock 
2016 
1500G, Time 
= 0.5 ms, 5 blows 
in 
LTPD 
= 15 
each orientation 
X1, V" Z, 


Vibration, 
Variable 
Frequency 
2056 


Constant 
Acceleration 
2006 
10,000G 
at V, orientation 


External 
Visuall41 
1010 or 1011 


Electrical/Optical 
Endpointsl81 
- 
lv, Ice, IsL. ISH, IEL, IEH, IlL, IiH and'vis- 
ual Function, 
TA = 25°C 


Subgroup 
4[1,3] 


Salt Atmosphere 
1041 
LTPD=15 


External 
Visuall41 
1010 or 1011 


Subgroup 
5 
Bond 
Strengthl51 
2037 
Condition 
A 
LTPD 
= 20 


(C=O) 


Subgroup 
6 
A = 10 


Operating 
Life Testl61 
1026 
TA = +100°C 


Electrical/Optical 
Endpointsl8j 
- 
Same as Subgroup 
3 


1. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


required. 
3. Solderability samples shall not be used. 
4. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or lOlL 
5. Displays may be selected prior to seal. 
6. If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 


may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000hour endpoint measurement shall be used asthe basis for both 
Group B and Group C acceptance. 


7. MIL-STD-883 test method applies. 
8. Limits and conditions are per the electrical/optical characteristics. 
9. Initial conditioning 
is a 15° inward bend, three cycles. 


HERMETIC, NUMERIC AND HEXADECIMAL 
DISPLAYS FOR MILITARY 
APPLICATIONS 


HIGH EFFICIENCYRED 
Low Power 
High Brightness 
YELLOW 
High Performance 
GREEN 


HEWLETT 
PACKARD 


Features 


• 
CONFORM 
TO MIL-D-87157, QUALITY 
LEVEL A 
TEST TABLES 


• 
TRUE HERMETIC 
PACKAGE FOR HIGH 
EFFICIENCY 
RED AND YELLOW(1] 


• 
TXV AND TXVB VERSIONS AVAILABLE 


• 
THREE CHARACTER 
OPTIONS 
Numeric, 
Hexadecimal, 
Over Range 


• 
THREE COLORS 
High Efficiency 
Red, Yellow, 
High Performance 
Green 


• 
4 x 7 DOT MATRIX CHARACTER 
• 
HIGH EFFICIENCY 
RED, YELLOW, AND HIGH 
PERFORMANCE 
GREEN 
• 
TWO HIGH EFFICIENCY 
RED OPTIONS 
Low Power, High Brightness 


• 
PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 


• 
HIGH TEMPERATURE 
STABILIZED 


• 
GOLD PLATED LEADS 


• 
MEMORY LATCH/DECODER/DRIVER 
TTL Compatible 
• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Description 


These 
solid 
state 
displays 
have a 7.4 mm 
(0.29 inch) 
dot 
matrix 
character 
and 
an onboard 
IC with 
data 
memory 
latch/decoder 
and LED drivers 
in a glass/ceramic 
package. 


HDSP-078X/078XTXV 
/078XTXVB 
HDSP-079X/079XTXV 
/079XTXVB 
HDSP-088X/088XTXV 
/088XTXVB 
HDSP-098X/098XTXV/098XTXVB 


The 
hermetic 
HDSP-078X,-079X/-088X 
displays 
utilize 
a 
solder 
glass frit 
seal. The 
HDSP-098X 
displays 
utilize 
an 
epoxy 
glass-to-ceramic 
seal. All packages 
conform 
to the 
hermeticity 
requirements 
of MIL-D-87157, 
the general 
spe- 
cification 
for LED displays. 
These 
displays 
are designed 
for use in military 
and aerospace 
applications. 


The 
numeric 
devices 
decode 
positive 
BCD 
logic 
into 
characters 
"0-9", 
a "-" 
sign, 
decimal 
point, 
and 
a test 
pattern. 
The 
hexadecimal 
devices 
decode 
positive 
BCD 
logic 
into 16 characters, 
"0-9, A-F". An input is provided 
on 


the hexadecimal 
devices 
to blank the display 
(all LEOs off) 


without 
losing 
the contents 
of the memory. 


The 
over 
range 
device 
displays 
"±1" 
and 
right 
hand 
decimal 
point 
and is typically 
driven 
via external 
switching 
transistors. 


Note: 
1. The 
HDSP-098X 
high 
performance 
green 
displays 
are 
epoxy 


sealed 
and conform 
to MIL-D-87157 
hermeticity 
requirements. 


Part Number 
Front 


HDSP- 
Color 
Description 
View 


0781/0781 TXV /0781 TXVB 
Numeric, 
Right Hand DP 
A 


0782/0782TXV/0782TXVB 
High-Efficiency 
Red 
Numeric, 
Left Hand DP 
B 


0783/0783TXV /0783TXV B 
Low Power 
Over Range ±1 
C 


0784/0784 TXV /0784 TXVB 
Hexadecimal 
0 


0791/0791 TXV/0791 TXVB 
Numeric, 
Right Hand DP 
A 


0792/0792TXV/0792TXVB 
High-Efficiency 
Red 
Numeric, 
Left Hand DP 
B 


0783/0783TXV/0783TXVB 
High Brightness 
Over Range ±1 
C 


0794/0794 TXV /0794 TXV B 
Hexadecimal 
0 


0881/0881 TXV/0881 TXVB 
Numeric, 
Right Hand DP 
A 


0882/0882TXV/0882TXVB 
Yellow 
Numeric, 
Left Hand DP 
B 
0883/0883TXV /0883TXVB 
Over Range ±1 
C 


0884/0884TXV /0884 TXVB 
Hexadecimal 
0 


098110981TXVl0981 TXVB 
Numeric, 
Right Hand DP 
A 


0982/0982TXVl0982TXVB 
High Performance 
Numeric, 
Left Hand DP 
B 


0983/0983TXVl0983TXVB 
Green 
Over Range ±1 
C 


0984/0984 TXVl0984 TXVB 
Hexadecimal 
0 


• 


package Dimensions 


FRONT 
VIEW 
A 
FRONT 
VIEW 
B 
FRONT 
VIEW 
D 


tl0.2MAX~ 
'0.2MAXj 
-'~~4~rir-~ 
FUNCTION 
10.4001 
r-- 
(0.400) 


.,rllro 
,-,,-,1" 
nrolnn 
PIN 
NUMERIC 
HEXA· 


.J •• 
1 


'5 
.- J 
1 


DECIMAL 
J 
'5 
10.06) 
•••• 
f 
.---T:5- f-- •••• 


10.2"1 . . 
. . 
, 
Input 2 
Input 
2 
. . 
-I 
:--W 
1.4 
114 


10·r 


l . . 
2 
Input 
4 
Input 
4 
1.4 
(0.291 
~L. 
},10.531 
5'6 
~+~ 
10291'35 
10rt 
I:£~ 


13.5 
3 
Input 8 
Input 8 
LI -I=---Jj f 


5.6 


~2) 
10.22~ 
•• 
10. _ 
~ 
10.531 
~r 


4 
Decimal 
Blanking 


-1_ i -LJ~~ 


point 
control 


1-5" 
5 
Latch 
Latch 


enable 
enable 
_yruuu 


~ 


6 
Ground 
Ground 
LJ~LJ.t-,30 
3.6 


10.141- 
r-- 
4.8 
7 
Vrr 
Vrr 
4.8~ 
(0.12) 
+-10.191 
(0.19) 
I--- 
4.8 
8 
Input 
1 
Input 
1 
(0.19) 


REAR 
VIEW 
SlOE 
VIEW I~~o.,o" 
END 
VIEW 
Notes: 
1. 
Dimensions 
in millimetres 
and 
(inches). 


5 
6 
1 
8 


IT 


T 
2. 
Unless otherwise 
specified, 
the tolerance 
m'n'in 


~" 


on all dimensions is ±.38 mm (:t,01S"). 
T 


COLOR 


SEATING 
( 15) 
(06) 
3 
Digit 
center line is ~.25 mm (±.Ol"l 


CODEtS) 
from 
package center 
tine. 
[IhiIJxZ 
"'-. 
SEATING 
PLANE 
~ 
34 
4 
Solder 
dipped 
leads. 


lUMINOUS 
15.2 
PLANE 
~' I-~=f 


5 
Color cocIe for HDSP 088X! 
098X 
series 
10.2 
HDSP 
INTENSITY 
1.6001 
IT 


XXXX 
CATEGORY 


YYWW ----.: 
DATE CODE 11 
0.3 ± 0.08 
TVP. 


, 3TVP 
] D 
---j I 
05' 
008 
TVP 


I 


~ 
(0.012 ± 0.003) 


lUU1ll 


PIN 1 KEY 


/;~I~ 
4r-~+ 


10501 
~ 
~25±~31~~:0' 
00031 


O:"f'f'"f' 
(0100 
± a 005) 


1.171 


tSETUP 
tHOlO 


DATA 
INPUT 
TRUTH TABLE 
(LOW lEVEL 
DATA) 
/1<;- 


BCD DATAlll 
.•..• 
NUMERIC 
HEXA· 


1.5V 
X. 
X. 
X, 
X, 
DECIMAL-- 
L 
L 
L 
L 


DATA 
INPUT 
'~ 


L 
L 
L 
" 
(HIGH 
lEVEL 
DATA) 
1.5V 


L 
L 
" 
L 
, 
- ,_ITL" 
ENABLE 
L 
L 
" 
" 
INPUT 


1.5V 
ksv 
90% 
L 
" 
L 
L 
I 


'0% 


L 
" 
L 
" 
IW~ 
L 
" 
" 
L 


L 
" 
" 
" 
Figure 
1. 
Timing 
Diagram 


" 
L 
L 
L 


1~ 
" 


L 
L 
" 


I 


" 
L 
" 
L 
I 


Vcc 


ENABLE 
5 


+ 
" 
L 
" 
" 
(BLANK) 


" 
" 
L 
L 
(BLANK) 
I 


LOGIC 
8_ 
X, 


" 
" 
L 
" 
,- 
X2 


INPUT 
2_ 
X4 
" 
" 
" 


L 
(BLANK) 


3_ 
XB 
LATCH 
MATRIX 
MEMORY 
DECODER 
" 
" 
" 
" 


(BLANK) 


DPI2) 
4_ 
DP 


DECIMAL 
PT.121 
ON 
Vop eoL 


OFF 
Vop'" 
H 


~ 


ENABLEllI 


LOAD DATA 
V, 
-L 
f 
LATCH DATA 
V, -" 


DP 
BLANKING!J] 
DISPLAY·ON 
V. 
-L 


DISPLAY-DFF 
VB -" 


BLANKING()) 


4_ 


LED 
f..-" 
Notes: 


I 
CONTROL 
MATRIX 
LED 
,. 
H:o Logic High; L :0 Logic Low. 
With the enable input at logic high 
DRIVER 
MATRIX 
changes in BCD input logic levels have no effect upon display 
memory, displayed character, or DP. 


2. 
The decimal point 
input, 
DP, pertains only to the numeric displays. 


3. 
The blanking control 
input, 
B, pertains only to the hexadecimal 
displays. 
Blanking input has no effect upon display memory. 


GROUND 
8~ 


Figure 
2. 
Logic 
Block 
Diagram 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage 
temperature, 
ambient 


H DSP-078X/-079X/-088X 
-65 
+125 


Ts 
°C 


HDSP-098X 
-55 
+100 


Operating 
temperature, 
ambient[1] 
TA 
-55 
+100 
°C 


Supply 
voltagel2j 
Vcc 
-0.5 
+7.0 
V 


Voltage 
applied 
to input 
logic, 
dp and enable 
pins 
Vj, VDP, VE 
-0.5 
Vcc 
V 


Voltage 
applied 
to blanking 
inputl2) 
VA 
--{).5 
Vcc 
V 


Maximum 
solder 
temperature 
at 1.59 mm (0.062 inch) 
260 
°C 
below 
seating 
plane: t:S 5 seconds 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
2J 
Vec 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
[1} 
TA 
-55 
+100 
°C 


Enable 
Pulse 
Width 
tw 
100 
nsec 


Time 
data 
must 
be held 
before 
positive 
transition 
hi 
Il'P 
50 
nsec 
of enable 
line 


Time 
data 
must 
be held 
after 
positive 
transition 


tHOU) 
50 
nsec 
of enable 
line 


Enable 
pulse 
rise 
time 
tlill 
1.0 
msec 


Device 
Description 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Luminous 
Intensity 
per 
LED 
Iv 
65 
140 
licd 
HDSP-078X 


(Digit 
Average)[3.4J 


Series 
Peak 
Wavelength 
APEAK 
635 
nm 


Dominant 
WavelengthlSJ 
Ad 
626 
nm 


Luminous 
Intensity 
per 
LED 
Iv 
260 
620 
licd 
HDSp·079X 
(Digit 
Average)[3.4] 


Series 
Peak 
Wavelength 
APEAK 
635 
nm 


Dominant 
WavelengthlSj 
Ad 
626 
nm 


Luminous 
Intensity 
per 
LED 
Iv 
215 
490 
licd 
HDSP-088X 


(Digit 
Average)13.41 


Series 
Peak 
Wavelength 
APEAK 
583 
nm 


Dominant 
WavelenglhIS.6] 
Ad 
585 
nm 


Luminous 
Intensity 
per LED 
Iv 
298 
1100 
licd 
HDSP-098X 
(Digit 
Average) 
13.41 


Series 
Peak Wavelength 
ApEAK 
568 
nm 


Dominant 
Wavelength 
Ad 
574 
nm 


Notes: 
1. The nominal 
thermal 
resistance 
of a display 
mounted 
in a socket that is soldered 
onto a printed circuit 
board is R8JA= 50°C/W/device. 


The device 
package 
thermal 
resistance 
is ROJ-PIN= 15°C/W/device. 
The thermal 
resistance 
device pin-to-ambient 
through 
the PC 


board should 
not exceed 35°C/W/device 
for operation 
at TA = +100° C. 


2. Voltage 
values are with respect 
to device ground. 
pin 6 
3. 
These displays are categorized 
for luminous 
intensity with the intensity category designated 
by a letter code located on the back of the 
display package. Case temperature 
of the device immediately 
prior to the light measurement 
is equal to 25°C. 


• 


Description 
Symbol 
Test Conditions 
Min. 
TypJ7] 
Max. 
Unit 


Supply 
HDSP-078X 
Series 
Ice 
Vee = 5.5 V 
78 
105 
Current 
HDSP-079X/-088X/ 
Characters 
"5." or "B" 
120 
175 
mA 


-098X Series 
displayed 


Power 
HDSP-078X 
Series 
PT 
Vee = 5.5 V 
390 
573 
Dissipation 
H DSP-079X/-088X/ 
Characters 
"5." or "B" 
690 
963 
mW 


-098X Series 
displayed 


Logic, 
Enable and Blanking 
VIL 
0.8 
V 
Low-Level 
Input Voltage 
Vee = 4.5 V 
Logic, 
Enable High-Level 
VIH 
2.0 
V 
Input Voltage 


Blanking 
High Voltage; 
VSH 
2.3 
V 
Display 
Blanked 


Logic and Enable 
ilL 
Vee = 5.5 V 
-1.6 
mA 
Low-Level 
Input 
Current 


Blanking 
Low-Level 
Input Current 
ISL 
VIL = 0.4 V 
-10 
p.A 


Logic, 
Enable and Blanking 
ilH 
Vee = 5.5 V 
+40 
p.A 
High-Level 
Input Current 
VIH = 2.4 V 


Weight 
1.0 
gm 


Leak Rate 
5 x 10-8 
cc/sec. 


Notes: 


4. 
The luminous intensity at a specific operating 
ambient 
temperature, 


Iv(TA) may be approximated from the following expotential 
equation: Iv(TA = Iv(25°C) elk(TA-25°CII. 


Device 
K 


HDSP-078X Series 
-0.0131fOC 
HDSP-079X Series 


HDSP-088X Series 
-0.0112;0C 


HDSP-098X Series 
-0.0104/° C 


operational Considerations 


ELECTRICAL 


These 
devices 
use a modified 
4 x 7 dot 
matrix 
of 
light 
emitting 
diodes 
to display 
decimal/hexadecimal 
numeric 
information. 
The 
high 
efficiency 
red and 
yellow 
displays 
use GaAsP/GaP 
LEOs 
and 
the 
high 
performance 
green 


displays 
use 
GaP/GaP 
LEOs. 
The 
LEOs 
are 
driven 
by 
constant 
current 
drivers, 
BCD 
information 
is accepted 
by 
the display 
memory 
when 
the enable 
line 
is at logic 
low 
and the data is latched 
when 
the enable 
is at logic 
high. 
Using 
the 
enable 
pulse 
width 
and 
data 
setup 
and 
hold 
times 
listed 
in the 
Recommended 
Operating 
Conditions 
allows 
data to be clocked 
into an array 
of displays 
at 6.7 
MHz rate. 


The decimal 
point 
input 
is active 
low true and this data is 
latched 
into 
the display 
memory 
in the same fashion 
as 
the BCD 
data. The decimal 
point 
LED is driven 
by the on- 


board 
IC. 


The 
blanking 
control 
input 
on the hexadecimal 
displays 
blanks 
(turns 
off I 
the 
displayed 
information 
without 
disturbing 
the contents 
of display 
memory. 
The display 
is 
blanked 
at a minimum 
threshold 
level of 2.0 volts. 
When 
blanked, 
the display 
standby 
power 
is nominally 
250 mW 
at TA = 25°C 
The ESD susceptibility 
of the IC devices 
is Class A of MIL- 
STD-883 
or Class 
2 of DOD-STD-1686 
and 
DOD-HDBK- 


263 


5. The dominant 
wavelength, 
Ad. is derived 
from 
the 
CI E 
Chromaticity Diagram and is that single wavelength which de- 
fines the color of the device. 
6 
The HDSP-088X and HDSP-098X series devices are categor- 
ized as to dominant wavelength with the category disignated 
by a number on the back side of the display package. 
7. All typical values at Vee = 5.0 V and TA = 25° C. 


These 
displays 
are hermetically 
sealed for use in environ- 


ments that require 
a high reliability 
device. 
These displays 


are designed 
and tested 
to meet a helium 
leak rate of 5 x 


10-8 cc/sec. 
These displays 
may be mounted 
by soldering 
directly 
to a 


printed 
circuit 
board or insertion 
into a socket. The lead-to- 


lead pin spacing 
is 2.54 mm (0.100 inch) and the lead row 


spacing 
is 15.24 mm (0.600 inchl. 
These 
displays 
may be 


end 
stacked 
with 
2.54 mm 
(0.100 inch) 
spacing 
between 
outside 
pins of adjacent 
displays. 
Sockets 
such 
as Augat 
324-AG2D 
13 digits) 
or Augat 
508-AG8D 
(one digit, 
right 
angle mounting) 
may be used. 


The primary 
thermal 
path for power 
dissipation 
is through 
the device 
leads. Therefore, 
to insure 
reliable 
operation 
up 


to an ambient 
temperature 
of +100° C, it is important 
to 


maintain 
a 
base-to-ambient' 
thermal 
resistance 
of 
less 


than 
35° C watt/device 
as 
measured 
on 
top 
of 
display 


pin 3. 


Post 
solder 
cleaning 
may 
be accomplished 
using 
water, 


Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


processing 
(up 
to 
2 minutes 
in 
vapors 
at 
boiling) 
or 


Freon/alcohol 
mixtures 
formulated 
for 
room 
temperature 
cleaning. 
Suggested 
solvents: 
Freon TF, Freon TE, Gene- 
solv 01-15, Genesolv 
DE-15. 


These 
displays 
are 100% preconditioned 
by 24 hour stor- 


age at 125°C, at 100°C for the HDSP-098X 
Series. 


These 
display 
devices 
are 
designed 
to 
provide 
an 


optimum 
ON/OFF 
contrast 
when 
placed 
behind 
an 


appropriate 
contrast 
enhancement 
filter. 
The 
following 
filters 
are suggested: 


Display 
Ambient 
Lighting 


Color 
Dim 
Moderate 
Bright 


HDSP-088X 
Panelgraphic 
Yellow 27 
Polaroid 
HNCP 37 
Polaroid 
Gray HNCP10 
Yellow 
Chequers 
Amber 
107 
3M Light Control 
Film 
HOYA Yellowish-Orange 


HLF-608-3Y 


Panelgraphic 
Gray 10 
Marks Gray 


MCP-0301-8-10 


HDSP-078X/-079X 
Panelgraphic 
Ruby Red 60 
Chequers 
Grey 105 
Polaroid 
Gray HNCP10 
HER 
Chequers 
Red 112 
HOYA Reddish-Orange 
HLF-608-5R 
Marks Gray 


MCP-0301-8-10 
Marks Reddish-Orange 


MCP-0201-2-22 


HDSP-098X 
Panelgraphic 
Green 48 
Polaroid 
Gray HNCP10 
HP Green 
Chequers 
Green 107 
HOYA Yellow-Green 
HLF-608-1G 


Marks Yellow-Green 
MCP-0101-5-12 


The 
over 
range 
devices 
display 
"±1" 
and decimal 
point. 


The 
character 
height 
and 
package 
configuration 
are the 


same as the numeric 
and hexadecimal 
devices. 
Character 


selection 
is obtained 
via 
external 
switching 
transistors 


and current 
limiting 
resistors. 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage Temperature, 
Ts 
-65 
+125 
°C 
Ambient 
Operating Temperature 
TA 
-55 
+100 
'C 
Ambient 
Forward Current, 
IF 
10 
mA 
Each LED 
Reverse Voltage, 
VR 
5 
V 
Each LED 


Character 
Pin 


1 
2,3 
4 
8 


+ 
1 
X 
X 
1 
- 
0 
X 
X 
1 


1 
X 
1 
X 
X 
Decimal Point 
X 
X 
1 
X 
Blank 
0 
0 
0 
0 


Notes: 
0: Line switching transistor in Figure 7 cutoff. 
l' 
Line switching 
transistor 
in Figure 
7 saturated. 
X: 'don't care' 


FRONT 
VIEW 
C 


Q 


10.2 
X 
10.• 00IMA '1 
8 
7 
6 
5, I 


Pin 
Function 


1 
Plus 


2 
Numeral One 
3 
Numeral One 


4 
DP. 
5 
Open 


6 
Open 


7 
Vcc 
8 
Minus/Plus 


t 


7.' 
',8 


10.29110.19) 
II 


----.-.1.5 
U- 


~O.06 
. . 


...•.•• 
• 
-. 
13.5 
T -- 
• 
4.8 
(.53) 
5-+': 
10.191 
-j , iJ 
3.3 
I 


"i 
~.~ 


:::.7 
Vcc 
5.0V 
r---------- 
----------, 


NUMERAL 
ONE 
MINUS 
PLUS 
PLUS 
~--~--~ 
r-'---, 


L. 
- - - -- 
- _...J 


:3 
:2 
:. 
:s 
:, 


R, 
R, 
R, 
R] 
R] 
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Device 
Test Conditions 
Min. 
Typ. 
Units 


IF - 2.8 mA 
65 
140 
/lcd 
HDSP-0783 
IF - 8 mA 
620 
/lcd 
HDSP-0883 
IF - 8 mA 
215 
490 
/lcd 


HDSP-0983 
IF = 8 mA 
298 
1100 
/lcd 


Forward 
Resistor 
Value 


Device 
Current 
Per 


LED, mA 
R, 
R2 
R3 


Low 
Power 
2.8 
1300 
200 
300 


HDSP-0783 
High 
8 
360 
47 
68 
Brightness 


HDSP-0883 
8 
360 
36 
56 


HDSP-0983 
8 
360 
30 
43 


Device 
Description 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


HDSP-0783 
Power 
Dissipation 
IF = 2.8 mA 
72 
(all LEDs 
Illuminated) 
PT 
IF = 8 mA 
224 
282 
mW 


Forward 
Voltage 
IF = 2.8 mA 
16 


per 
LED 
VF 
V 


IF = 8 mA 
1.75 
2.2 


HDSP-0883 
Power 
Dissipation 
PT 
237 
282 
mW 
lall LEDs 
Illuminatedl 


IF = 8 mA 
Forward 
Voltage 
per 
LED 
VF 
1.90 
2.2 
V 


HDSP-0983 
Power 
Dissipation 
PT 
IF = 8 mA 
243 
282 
mW 
(all LEDs 
illuminated) 


Forward 
Voltage 
per LED 
VF 
1.85 
2.2 
V 
High Reliability Testing 


Two 
standard 
reliability 
testing 
programs 
are available. 
The 
TXVB 
program 
is in conformance 
with 
Quality 
Level A Test 
Tables 
of 
MIL-D-87157 
for 
hermetically 
sealed 
displays 
with 100% screening 
tests. A TXVB 
product 
is tested to Tables 


I, II, Ilia, 
and IVa, A second 
program 
is an HP modification 
to 
the 
full 
conformance 
program 
and 
offers 
the 
100% 


screening 
portion 
of Level A, Table 
I, and Group 
A, Table 
II. 


100% Screening 
TABLE I. 
QUALITY LEVEL A OF MIL-D-87157 


With Table I 
With Tables I, 


Standard 
Product 
and II 
II, Ilia and IVa 


HDSP-078X 
HDSP-078XTXV 
HDSP-078XTXVB 


HDSP-079X 
HDSP-079XTXV 
HDSP-079XTXVB 


HDSP-088X 
HDSP-088XTXV 
HDSP-088XTXVB 


HDSP-098X 
HDSP-098XTXV 
HDSP-098XTXVB 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. 
Precap 
Visual 
2072 
Interpreted 
by HP Procedure 
5956-7572-52 


2. 
High 
Temperature 
Storage 
1032 
TA = 125°C, 
Time 
= 24 hours(4) 


3. 
Temperature 
Cycling 
1051 
Condition 
B, 10 Cycles, 
15 Min. 
Dwell 


4. 
Constant 
Acceleration 
2006 
10,000 G at V, orientation 


5. 
Fine Leak 
1071 
Condition 
H 


6. 
Gross 
Leak 
1071 
Condition 
C or K[5) 


7. 
Interim 
Electrical/Optical 
Testsl21 
- 
lv, Ice, ISL, ISH, IEL. IEH, IlL, and IrH 
TA = 25°C 


8 
Burn-ln;'·31 
1015 
Condition 
B at Vee = 5V and cycle 


through 
logic 
at 1 character 
per second. 


TA = 100°C. 
t = 160 hours 


9. 
Final 
Electrical 
Test 2 
- 
Same as Step 7 


10. 
Delta 
Determinations 
- 
..ilv = -20%, ..ilee = ± 10 mA . ..iIIH = ±10"A 
and ..iIEH = ±13/lA 


11 
External 
Visual' 
2009 
I 


Notes: 
,. MIL-STD-883 
Test Method applies. 


2. Limits and conditions 
are per the electrical/optical 
characteristics. 


3. Burn-in 
for the over range display shall use Condition 
B at a nominal 
IF = 8 mA per LED. with all LEDs illuminated 
for T = 160 hours 


minimum. 


4. TA = +1OO°Cfor HDSP-098X Series. 
5. Fluid temperature 
= +100°C for HDSP-098X Series. 


TABLE 
II 
GROUP 
A ELECTRICAL 
TESTS 
- 
MIL-D-87157 


Test 


SUbgroup 
1 


DC Electrical 
Tests at 25°C111 
Iv. Ice. ISl. ISH, IEL. IEH. ilL. and ilH and 
visual function, 
TA = 25° C 


SUbgroup 
2 


DC Electrical 
Tests at High 
Temperaturel11 


Subgroup 
3 
DC Electrical 
Tests at Low 
Temperature\11 


Subgroup 
4, 5, and 6 not applicable 


Subgroup 
7 
Optical 
and Functional 
Tests at 25° C 


Subgroup 
8 
External 
Visual 


Same as Subgroup 
1. except 
delete 
Iv and visual 


function. 
TA = +100°C 


Same as Subgroup 
1. except 
delete 
Iv and visual 


function. 
TA = -55° C 


Test 


Subgroup 
1 


Resistance 
to Solvents 


TABLE Ilia 
GROUP 
B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Method 
Conditions 


4 Devices/ 
o Failures 


1 Device/ 
o Failures 


Internal 
Visual 
and Design 
Verification[1] 


Subgroup 
2[2,3] 


Solderability 


Subgroup 
3 


Thermal 
Shock 
(Temp. 
Cycle) 


Moisture 
Resistancel4] 


Fine Leak 


Gross 
Leak 


Electrical/Optical 
Endpoints[5j 


1051 


1021 


1071 


1071 


Condition 
H 


Condition 
C or K[9) 


Iv. Ice. ISl. ISH. IEL. IEH. ill. 
ilH and 


visual 
function. 
TA = 25° C 


Subgroup 
4 


Operating 
Life Test (340 hrs.)[6j 
TA = +100°C 
at Vee = 5.0V and 


cycling 
through 
logic 
at 1 character 


per second. 
Same as Subgroup 
3. 
Electrical/Optical 
Endpoints[5] 


SUbgroup 
5 


Non-operating 
(Storage) 
Life 
Test (340 hrs.) 


Electrical/Optical 
Endpointsl5] 


Notes: 
1. Visual inspection performed through the display window. 
2. Whenever 
electrical/optical 
tests are not required 
as endpoints, 
electrical 
rejects 
may 
be used. 
3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of 


leads required. 


4. Initial 
conditioning 
is a 15° 
inward 
bend, 
one 
cycle. 


5. Limits and conditions are per the electrical/optical 
characteristics. 
6. Burn-in for the over range display shall use Condition B at a nominal IF± 8 mA with '+' illuminated for t = 160 hours. 
7. Equivalent to MIL-STD-883, Method 2014. 
8. TA = +1OO·Cfor HDSP-098X Series. 
9. Fluid temperature 
= +100°C for HDSP-098X Series. 


• 


TABLEIVa 


GROUP 
C, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Sample 


Test 
Method 
Conditions 
Size 


Subgroup 
1 
Physical 
Dimensions 
2066 
2 Devices/ 
o Failures 


Subgroup 
2[2,7,9] 
LTPD=15 


Lead Integrity 
2004 
Condition 
B2 


Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C or KilO] 


Subgroup 
3 
Shock 
2016 
1500G, Time = 0.5 ms, 5 blows 
in 
LTPD = 15 
each orientation 
X1, Y1, Z 1 


Vibration, 
Variable 
Frequency 
2056 


Constant 
Acceleration 
2006 
10,000G at Y, orientation 


External 
Visuall41 
10100r1011 


Electrical/Optical 
EndpointslSI 
- 
lv, lee, ISL, ISH, IEL. IEH, ilL. IIH and vis- 
ual Function, 
TA = 25°C 


Subgroup 
4[1,3] 


Salt Atmosphere 
1041 
LTPD=15 


External 
Visuall41 
1010 or 1011 


Subgroup 
5 
Bond StrengthlSI 
2037 
Condition 
A 
LTPD = 20 


IC = 0) 


Subgroup 
6 
,\ = 10 


Operating 
Life Testl6; 
1026 
TA = +100°C 


Electrical/Optical 
Endpointsl81 
- 
Same as Subgroup 
3 


Notes: 
1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


required. 
3. Solderability samples shall not be used. 
4. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 
5. Displays may be selected prior to seal. 
6. 
If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance orthe 1000hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 
7. MIL-STD-883 test method applies. 
8. Limits and conditions are per the electrical/optical 
characteristics. 


9. 
Initial 
conditioning 
is a 15° 
inward 
bend, 
3 cycles. 


10. Fluid temperature 
= +100·C for HDSP-098X Series. 


Fli;' HEWLETT 
a:~PACKARD 


Fiber Optics 


• Fiber Optic Transmitter/Receiver 
Components 
• Support ICs 
• High Speed Digital Communications 
Products 
• Cables, Connectors, and Accessories 


Fiber Optics 


Fiber-optic technology plays a 
key role in data communications 
today, providing a higher speed, 
greater distance and noise 
immune alternative 
to commu- 
nication over copper wire. 


HP has been in the forefront of 
fiber-optic communications 
from 
the beginning. We are 
committed to using our unique 
combination of high technology 
and high-volume manufacturing 
processes to meet your fiber- 
optic needs. 


Because those needs may vary, 
we have developed thre~ 
product families of high-quality 
transni,itters 
and receivers. 


Each of the three families - Low 
Cost Miniature 
Link, FDDI 
Transceiver, 
and Versatile Link 
- was designed to provide you 
with the performance you need 
for your specific application. 


NEW Product Offerings! 
10Base - FL Transceiver 
Chip 
This new support chip from HP, 
HFBR-4663, 
is a highly 
integrated 
circuit for IEEE 
802.3 IOBase - FL transceivers. 
When used with HP's Low Cost 
Miniature 
Link transmitter 
and 
receiver (HFBR-14X4, 
HFBR- 
24X6), this products 
ensure 


compliance 
to 10Base - FL 


standard 
with a minimum 
number of external components 
and board space. 


Designed for internal or external 
Medium 
Attachment 
Units 
(MAUs), this chip offers a 
standard 
IEEE 802.3 AU 
interface that allows it to be 
directly connected to encoder / 
decoder chips or an AUI 
connector. 


1300nm Fiber Optic 
Transmitter 
and 
Receiver 
HP's new HFBR-03oo 
series 
1300 nm transmitter 
and 
receiver are designed to provide 
the most cost-effective 
1300 nm 
fiber optic links for a wide 
variety of data communication 
applications: 
from low speed 
distance extenders to FDDI and 
SONET 
OC-3 Signal Rates. 


Pinouts 
identical 
to HP's Low 
Cost Miniature 
Link allow 
designers to easily upgrade their 
820 nm links for greater 
distance. 
The optical perfor- 
mance of the transmitter 
and 
receiver are compatible 
with the 
specifications 
of the FDDI Low 
Cost PMD. Typical distance 
capabilities 
are 2 km at 125 
MBd and 5 km at 32 MBd. 


Low-Cost Miniature 
Link Components 
HP's 820 nm HFBR-0400 Low 
Cost Miniature 
Link series is 
designed to provide cost- 
effective, high-performance 
fiber-optic communication 
links 
for local area networks, comput- 
ers, central office switches, 
PBXs, and industrial 
control 
applications 
with link distances 
of up to four kilometers 
and 
data rates up to 150 MBd. 


The transmitters 
and receivers 
are available in a variety of 
package styles and are 
compatible with three popular 
connector standards: 
ST<l!>, 
SMA 
and FC. To provide you with 
manufacturing 
and design 
flexibility, the transmitters 
and 
receivers are auto-insertable 
and wave-solderable 
and they 
are specified for use with glass 
fiber sizes of 501125 IJ.m,62.5/ 
125 IJ.m,100/ 140 IJ.mand 200 
IJ.mplastic clad silica. 


FDDI Transceiver 
HP's FDDI transceiver, 
is part 
of a growing family of 1300 nm 
technology fiber-optic products 
available from HP. The device 
complies with the ANSI Fiber 
Distributed 
Data Interface 
(FDDI) Physical Layer Medium 
Dependent 
(PMD) standard 
and 


transmits 
and receives data at a 
rate of 100 Mbitslsec. 


In addition, HP is part of a 
worldwide multi sourcing 
agreement 
with AT&T and 
Siemens that defined an 
industry-standard 
2 x 11 pinout 
and user-install able key. 
Hewlett-Packard 
now offers two 
package styles: metal or plastic 
Media Interface Connector 
Receptacles. The devices are 
wave-solderable 
and wash- 
compatible and a process plug is 
supplied with each part for this 
purpose. 


Versatile Link 
Components 
When it comes to the lowest-cost 
HP solution that's easy to 
design in, the choice is our 665 
nm HFBR-0501 Versatile Link 
family. These fiber-optic links 
were designed for ease of use, 
versatility, 
and reliability. You 
get a complete family of cost- 
effective fiber-optic components 
that's ideal for solving problems 
associated with noisy EMI/RFI 
environments, 
voltage isolation, 
and data security. 


Plus, the Versatile Link family 
provides you with guaranteed 
link performance 
over tempera- 
ture at data rates up to 50 MBd 
and distances up to 82 meters. 


The compact, low-profile trans- 
mitter and receiver packages 
are stackable and can be used 
for high-volume, low-cost 
assembly because they are auto- 
insertable 
and wave-solderable. 
A variety of connector options 
are available, including 
snapping, latching, simplex or 
duplex for use with 1mm plastic 
fiber. 


Typical applications for the 
Versatile Link family include 
industrial 
control links, PC-to- 
peripheral 
links, local area 
networks, secure data transmis- 
sion, and medical equipment. 


SERCOS Components 
Designed for European indus- 
trial environments, 
the Serial 
Realtime Communications 
System (SERCOS) is a standard 
digital interface for communica- 
tion between controls and drives 
for numerically 
controlled 
machines. These products can 
also be used for industrial 
control data links and reduction 
of electromagnetic 
noise 
susceptibility. 


HP's HFBR-06oo SERCOS- 
compatible 655 nm fiber-optic 
transmitters 
and receivers are 
fully compliant with the 
SERCOS optical specifications 
for transmitters 
and receivers 


and mate with SERCOS-specific 
SMA connectors. 


The components are auto- 
insertable 
and wave-solderable, 
and are capable of data trans- 
mission at symbol rates from 
DC to over 2 MBd at typical 
distances of 55 meters. 


High Speed Digital 
Communications 
Products 
Each device type in this family 
was developed using one of the 
high performance, 
silicon bi- 
polar processes available within 
Hewlett-Packard. 
The perfor- 
mance requirements 
of each 
device is matched to the most 
appropriate 
process. This offers 
a superior blend of reliability, 
performance, 
and manufactura- 
bility. Hewlett-Packard's 
silicon 
bipolar processes are capable of 
sub-micron dimensions, 
and an 
ft as high as 25 GHz. 


Products in this family operate 
at data rates as high as 2.8 
Gbps, and cover many standard 
rates for telecom and datacom 
systems. Product 
complexity 
varies from basic building block 
ICs such as laser drivers, trans- 
impedance amplifier, variable 
gain control amplifiers, decision 
circuits, to that of complete 
gigabit rate, subsystem 
ICs and 
fiber channel interface cards. 
• 


FOOl 
VERSATILE 
LINK 
SERCOS 
LOW COST MINIATURE~I 
RANSCEIVER 


TRANSMITTERS'" 


NOTES: 
A.= 665 nm 
A.= 665 nm 
A.=665 nm 
A.=665nm 
A.=665nm I A.=665nm 
A.=665nm 
A.=820nm 
A.= 820 nm 
A.= 820 nm 
A.=820nm 
A.= 1300 nm 
A.=13OOnm 
1. Optical power budget calculations are typical at 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
HFBR- 
25OC. 
1521/1531 
1522/1532 
1524/1534 
1523/1533 
1526/1536 
1602 
1604. 
14X2 
14X2 
14X4 
14X4 
1312T 
510X 
2. For Unk performance with other fiber sizes, contact 
your local HP sales office. 
TYPICAL 
COUPLED 
OPTICAL 
POWER 
(dBm) 
3. All transmitters 
are LEOs excett for FOOl 
transceiver, which includes a 
river IC. 
-11.1 
-8.2 
-10.3 
-8.2 
I 
-12.2 
I 
-6.5 
-12.0 
-12.0 
-16.5 
-17 dBm 
-16.5 
4. The Low Cost Miniature Unk family is available in 
@60mA 
@60mA 
@60mA 
@60mA 
@60mA 
@60mA 
@60mA 
@60mA 
@75mA 
three package styles, compatible with SMA, ST, 
FIBER SIZE (1'/11) (ATIENUATION) 
and FC connector styles. 
5. All link distances are typical only; refer to product 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
200 PCS 
100/140 
62.5/125 
50/125 
62.5/125 
62.5/125 
data sheets for minimum values. 


(0.21 dB/m) 
(0.21 dB/m) 
(0.21 dB/m) 
(0.21 dB/m) 
(0.21 dB/m) 
(0.21 dB/m) 
(0.21 dBlkm) 
(5.3 dBIkm) 
(3.3 dBIkm) 
(2.8 dBIkm) 
(2.8 dBIkm) 
(2.8 dBIkm) 
(2.8 dBIkm) 


HFBR- 
Logic IC 
-21.6 
5 MBd 
2521/2531 
50 m~1 


HFBR- 
Logic IC 
-24 
1 MBd 


-'" 
2522/2532 
73 m~1 


<=~ 
HFBR· 
Logic IC 
-20 
1 MBd 
~ 
.~ 
2524/2534 
43 m~1 


~ 
HFBR- 
Logic IC 
-39 
40KBd 
2523/2533 
145m~1 


HFBR- 
PIN! 
-28.7 
50MBd 
2526/2536 
Preamp 
65m~1 


HFBR- 
Logic IC 
E 
2MBd 
al 
en 
2602 
~ 
55m~1 
8 
1Q 
~ 
a: 
HFBR- 
~ 
Logic Ie 
2MBd 
UJ 
~ 
C!: 
en 
2602 
l- 
I- 
66m~1 
>--- 
UJ 
~-:- 
Cii 
Irl 
z 
5MBd 
5MBd 
HFBR- 
u. 
logiC IC 
UJ 
-25.4 
5MBd 
5MBd 
a: 
24X2 
en 
3.5 Km~1 
4.1 Km~1 
4.7Km~1 
3.2 Km~1 


~ 
HFBR- 
PIN! 
-36 
5MBd 
5MBd 
5MBd 
5MBd 
::J 
l!! 
24X4 
Preamp 
5.6 Km~1 
7.3 Km~1 
8.6 Km~1 
7.0 Km~1 


'".~ 
HFBR- 
PINI 
-33 
30MBd 
30MBd 
30 MBd 
30MBd 
~ 
24X4 
Preamp 
600 m'~1 
3.0 Km~1 
4.0 Km'('1 
4.0 Km~1 


~ 
HFBR- 
PINI 
-35.6 
30MBd 
30 MBd 
30MBd 
30MBd 
~ 
24X6 
Preamp 
650 m'~1 
3.3 Km~1 
4.5 Km'('1 
4.5 Km'~1 


HFBR- 
PIN! 
·32 
100 MBd 
100 MBd 
100 MBd 
100 MBd 


24X6 
Preamp 
13Om'~1 
750 m'~1 
1.0Km~1 
1.0Km~1 


HFBR- 
PIN! 
125 MBd 
2316T 
Preamp 
2.0 Km~1 


CSthl5 
HFBR- 
Logic IC 
-37 
125 MBd 
~~.~ 
510X 
2.0 Km~1 


Features: Dual-in-line 
package. 
operates 
at 820 nm, interfaces 
direcUy with ST*. 
[]II 


SMA or FC connectors, 
specified 
for use with 50/125 
JlITl, 62.5/1235 
JlITl, 1001140 


JlITl and 200 JlITl Plastic Coated Silica (PCS) fiber. Auto insertable. 
wave solderable, 


no mounting 
hardware 
required. 


~ 


Product/Part Numbers 
Description 
Page No. 


Evaluation Kits 
5-12 thru 5-43 


HFBR-D410 
(ST*) 
HFBR-1412 
transmitter, 
HFBR-2412 
receiver, 
3 meter connectored 


62.5/125 
JlITl cable, literature. 


HFBR-D400 
(SMA) 
HFBR-1402 
transmitter, 
HFBR·2402 
receiver, 
2 meter connectored 


1,000 JlITl (plastic) cable, literature. 


Transmitters/Receivers 


HFBR·14X2 
Standard 
Transmitter 
Optimized 
for large size fiber such as 100/140 
JlITl and 200 JlITl PCS 


HFBR-14X4 
High Power Transmitter 
Optimized 
for small size fiber such as 50/125 
JlITl or 62.5/125 
JlITl 


HFBR-24X2 
5 MBd Receiver 
nUCMOS 
compatible 
receiver with -25.4 dBm sensitivity 


HFBR-24X4 
25 MHz Receiver 
PIN-preamp 
receiver for signal rates up to 35 MBd 


HFBR-24X6125 
MHz Receiver 
PIN-preamp 
receiver for signal rates up to 150 MBd 


Transmitter/Receiver 
Pairs 
Optical Power Budget"" 
Data Rate 


HFBR-14X2I24X2 
20.5 dB (200 JlITl fiber) 
5 MBd 
15 dB (100/140 
JlITl fiber) 
5 MBd 


HFBR-14X4/24X2 
15 dB (62.5/125 
JlITl fiber) 
5 MBd 
10.5 dB (50/125 
JlITl fiber) 
5 MBd 


HFBR-14X2I24X4 
18 dB (100/140 
JlITl fiber) 
5MBd 
13.5 dB (100/140 
JlITl fiber) 
30 MBd 


HFBR-14X4/24X4 
18 dB (62.5/125 
JlITl fiber) 
5 MBd 
13.5 dB (62.5/125 
JlITl fiber) 
30 MBd 


HFBR·14X2I24X6 
21 dB (100/140 
JlITl fiber) 
30 MBd 
19 dB (100/140 
JlITl fiber) 
150 MBd 


HFBR-14X4/24X6 
21 dB (62.5/125 
JlITl fiber) 
30 MBd 
19 dB (62.5/125 
JlITl fiber) 
150 BMd 


I 


Product/Part Numbers 
Description 
Page No. 


Mechanical Styles 
5-12 thru 5-43 


HFBR-XXOX 
SMA housed product 
HFBR·XX3X 
SMA port product, bent leads 
HFBR-XX5X 
SMA port product, straight leads 


HFBR-XXOXC 
HFBR-XXOXwith SMA Conductive Port Option (RX only) 
HFBR-XX3XC 
HFBR-XX3X with SMA Conductive Port Option (RX only) 
HFBR-XX5XC 
HFBR-XX5X with SMA Conductive Port Option (RX only) 


HFBR-XX1X 
ST' housed product 
HFBR-XX4X 
ST' port product, bent leads 
HFBR-XX6X 
ST' port product, straight leads 


HFBR-XX1XT 
HFBR-XX1X with Threaded ST' Option 
HFBR-XX4XT 
HFBR-XX4X with Threaded ST- Option 
HFBR-XX6XT 
HFBR-XX6X with Threaded ST' Option 


HFBR-XX2X 
FC housed product 


'ST (R) is a registered trademark of AT&T for Ughtwave Cable Connectors. 
"Unk 
performance at 25"C. 


Features: Fully compliant with FODI PMD standard. Industry standard, 
multi-sourced 2 rows of 11 pin package. User selectable keying. Dual-in- 


~ 


line package, interface directly with FODI MIC connector. Specified for 
use with both 62.5/125 
JlIT1 and 50/125 ~m fiber. Single +5 V power 
supply and shifted ECl logic interface. Now offered in two package 
options; metal MIC receptacle (HFBR-5101) and plastic MIC receptacle 
(HFBR-5102). 


Product/Part Numbers 
Description 
Page No. 


Transceiver 
Distance 
Data Rate 
5-67 


FDDIlink 
HFBR-5101 (Metal MIC) 
2km 
125 MBd 


t-le'" HFBR-5102 (Plastic MIC) 
2km 
125 MBd 


1300 nm Fiber Optic Transmitter 
and Receiver 


Product/Part 
Numbers 
Description 


Features: Dual-in-line package, operates at 1300 nm 
wavelength, interfaces directly with ST' connectors, 
specified for use with 50/125 JlIll and 62.5/125 JlIll fiber. 
Typical distance capabilities are 2 km at 125 MBd and 
5 km at 32 MBd. 


Page No. 


5-59 


~e't'l HFBR-1312T - Transmitter 


~e't'l HFBR-2316T - Receiver 


Product/Part 
Numbers 
Description 
Page No. 
0 


Features: Single chip solution for 1OBase-FL internal 
5-44 
or external MAUs, directly compatible with HFBR-14X4 
and HFBR-24X6 fiber optic transmitters and receivers, 
incorporates an AU interface. 


~e't'l HFBR-4663 - Support IC 
, 


Description 


Fiber Size 
Connector Style 
Cable Type 


100/ 
62.5/ 
SO/ 
Single 
Dual 
Part Number 
140/0.30 
125/0.275 
125/0.18 
SMA 
ST* 
Channel 
Channel 
Page No. 


HFBR-AWSyyy 
X 
X 
X 
5-148 
HFBR-AWDyyy 
X 
X 
X 
HFBR-AXSyyy 
X 
X 
X 
HFBR-AXDyyy 
X 
X 
X 


HFBR-BWSyyy 


- 
X 
X 
X 
HFBR·BWDyyy 
X 
X 
X 
HFBR·BXSyyy 
X 
X 
X 
HFBR-BXDyyy 
X 
X 
X 


HFBR-CXSyyy 
. 
X 
X 
X 


'5T (Rl is a registered trademar1< of AT&T for Ughtwave Cable Connecklrs. 


"Note: 
All cable assemblies 
except for HFBR-CX5yyy 
are available in 1 metre increments from 1 metre kl10 
metres and 5 metre increments from 25 m to 50 m. 


HFBR-CX5yyy 
is available in 1 and 10 metre lengths only. Eg. yyy = 050 designates 50 metres and yyy = 005 designates 5 m. 


• 


Product/Part 
Numbers 


Evaluation Kit HFBR-oS01 


50 MBd High Speed Link 
5 MBd High Perfonnance Link 
1 MBd High Perfonnance Link 
1 MBd Standard Perfonnance Link 
40 KBd Extended Distance Link 
Low Current Link 
Photo Interrupter Link 


Plastic Fiber cable 


Available in various lengths (yyy m) 


Features: Dual-in-line package, horizontal and vertical PCB mounting, plastic snap-in 
connectors, specified for 1 mm dia. plastic fiber. nUCMOS 
compatible output, auto 
insertable, wave solderable. 


Description 


HFBR-1524 Transmitter. 
HFBR-2524 Receiver. 
5 metre connectored cable, 
connectors, bulkhead 
feedthrough adapter, 
polishing kit, literature. 


Page No. 


5-98 


Horizontal 
HFBR-152612526 
HFBR-1521/2521 
HFBR-152212522 
HFBR-1524/2524 
HFBR-1523/2523 
HFBR-1523/2523 
HFBR-1523/2523 
HFBR-152212522 


Vertical 
HFBR-153612536 
HFBR-1531/2531 
HFBR-153212532 
HFBR-1534/2534 
HFBR-1533/2533 
HFBR-1533/2523 
HFBR-1533/2523 
HFBR-153212532 


Distance' 
65m 
50m 
73m 
43m 
145 m 
45m 
N.A. 
N.A. 


Data Rate 
50mBd 
5 MBd 
1 MBd 
1 MBd 
40 KBd 
40 KBd 
20 KHz 
500 KHz 


Attenuation 
Simplex 


I 


DUplex 


Standard 
HFBR-RUSyyy 
HFBR-RUDyyy 
Unconnectored cable 
Standard 
HFBR-RNSyyy 
HFBR-RNDyyy 
Cable with simplex connectors 
Standard 
HFBR-RLSyyy 
HFBR-RLDyyy 
Cable with latching simplex connectors 
Standard 
N.A. 
HFBR-RMDyyy 
Duplex connectored cable 
Standard 
N.A. 
HFBR-RTDyyy 
Latching duplex connectored cable 
Extra Low Loss 
HFBR-EUSyyy 
HFBR-EUDyyy 
Unconnectored cable 
Extra Low Loss 
HFBR-ENSyyy 
HFBR-ENDyyy 
Cable with simplex connectors 
EXtra Low Loss 
HFBR-ELSyyy 
HFBR-ELDyyy 
Cable with latching simplex connectors 
Extra Low Loss 
N.A. 
HFBR-EMDyyy 
Duplex connectored cable 
Extra Low Loss 
N.A. 
HFBR-ETDyyy 
Latching duplex connectored cable 


Connectors 


Simplex Standard 
HFBR-4501 
Gray connector/crimp ring 
HFBR-4511 
Blue connector/crimp ring 


Simplex Latching 
HFBR-4503 
Gray connector/crimp ring 
HFBR-4513 
Blue connector/crim pring 


Duplex Standard 
HFBR-4506 
Parchment connector/crimp ring 


Duplex Latching 
HFBR-4516 
Gray connector/crimp ring 


5-8 


Product/Part 
Numbers 
,. 
Description 
Page No. 


Polishing Kit 


HFBR-4593 
Plastic polishing fixture (used for all 
5-98 
connectors), abrasive paper, lapping film. 


Bulkhead Feedthrough 
In-Line Splice 


HFBR-4505 
Gray bulkhead feedthrough adapter, simplex 
HFBR-4515 
Blue bulkhead feedthrough adapter, simplex 


Features: Dual-in-line package, tully compliant to SERCOS optical specifications, 
optimized for 1000 J.1ffi plastic optical fiber, compatible with SMA connectors, auto- 
0- 


insertable and wave-solderable. 


Product/Part 
Numbers 
. 
Description 
Page No. 


Transmitter/Receiver 
Pairs 
5-142 


Distance (Typ.) 
Data Rate 


Standard Link 
HFBR-1602/2602 
SSm 
2MBd 
Extended Distance Link 
HFBR-1604/2602 
66m 
2 MBd 


Evaluation Cable HFBR-RWS002 
Two meter SMA 1000 J.1ffi plastic fiber optic cable. 
5-143 


~ 


Features: Operate with 1 mm dia. plastic fiber, plastic snap-in connector compatible 
(standard simplex only). TIL compatible output. 


FOR NEW DESIGNS: Refer to the Versatile Link Family on page 5-8 to achieve the 
best price-performance value. 


Product/Part 
Numbers 
Description 
Page No. 


Transmitter/Receiver 
Pairs 
Distance' 
Data Rate' 
5-82 


5 MBd Link 
HFBR-1510/-2501 
40 metre 
5 MBd 
1 MBd Link 
HFBR-1502/-2502 
65 metre 
1 MBd 
Extended Distance Link 
HFBR-1512/-2503 
125 metre 
40 kBd 
Low Current Link 
HFBR-1512/-2503 
40 metre 
40 kHz 
Photo Interrupter Link 
HFBR-1512/-2503 
N/A 
20 kHz 
HFBR-1502/-2502 
N/A 
500 kHz 


• 


High Speed Digital Communications 
Variable Gain Control Amplifiers (Typical Specifications at +25°C Case Temperature) 


Gain 
3dB 
SUpply 
Device 
Part 
Gp@ 
Control Range Bandwidth 
P1dB@ 
Voltage 
Current 
Number 
(dB) 
(dB) 
(GHz) 
O.5GHz 
(V) 
(mA) 
Package 
Page 


HPVA~180 
21 @0.3GHz 
20@0.3GHz 
2.5 
-3 
6 
41 
SO·8 SM plastic 
5-224 


Input Current 
SUpply 
Device 
Part 
Data Rate 
Bandwidth 
Gain 
NoIse 
Voltage 
Current 
Number 
(Gb/s) 
(GHz) 
(W) 
(pAlvHz) 
(V) 
(mA) 
Package 
Page 


ITA-06300 
1.5 
1.5 
2800 
3.5 
5 
34 
chip 
5-240 


ITA·12300 
0.8 
0.9 
4200 
2.8 
5 
43 
chip 
5-236 


ITA-00318 
1.5 
1.3 
2800 
3.5 
5 
34 
180 mil SM 
5-242 


ITA-12318 
0.8 
0.75 
4200 
2.8 
5 
43 
180 mil SM 
5·236 


Maximum 
Amplitude 
Phase 
Data Input 
Part 
Rate 
Margin 
Margin 
Amplitude 
t, 
tr 


Number 
(Gb/s) 
(mY) 
(ps) 
(mVl>p) 
(ps) 
(ps) 
Package 
Page 


HDMP-2003 
2.0 
115 
370 
- 
120 
90 
HBIC-{).5· SM 
5-181 


HDMp·2Q04 
2.8 
90 
190 
- 
120 
90 
HBIC-{).5"SM 
HDMP·2006 
1.5 
130 
800 
- 
200 
200 
SOIC-8 SM hermetic 
5-192 


IDC·51418 
1.5 
- 
620 
20 
200 
190 
180 mil SM 
5-234 


Clock & 
Clock 
Data 
Data Rise & 
Jitter 
Output 
Output 
Part 
Data Rate 
Lock Time 
Fall Time 
Generation 
Voltage 
Voltage 
Number 
(Mb/s) 
(ms) 
(ps) 
(perrms) 
(V) 
(V) 
Package 
Page 


HDMP-2501 
6OO-esD 
2.3 
200 
7.5 
0.7 
0.7 
F6 16 lead hemnetic 
5-200 


High Speed Digital Communications 
(cont.) 


Laser Driver (Typical Specifications 
at +25°C Ambient Temperature) 


Preblas 
Modulation 
Supply 
Part 
Data Rate 
Bandwidth 
Current 
Current 
Input 
Voltage 
Number 
(Gb/s) 
(GHz) 
(mA) 
(mA) 
VSWR 
(V) 
Package 
Page 


IDA-G7318 
1.5 
1.0 
o-so 
5-50 
2:1 
-S or -5.2 
180 mil SM 
5-232 


Part 
Number 
Description 
Package 
Page 


HDMp·1000· 
Transmitter Receiver Chip set, Parallel data (16,17,20, 
or 21 bits wide) 
ceramic quad flat pack 
5-151 
is loaded into the Tx and delivered to the Rx over optical fiber or coax 
(CQFP) 


cable. Contains encoding, mux, clock extraction, demux, and decoding. 


HDMP·100K 
Gigabit Rate Transmit Receive Chipset Evaluation Board. Evaluation 
5-180 
board; literature. 


Part 
Data Rate 
Wavelength 
Number 
(Mbaudls) 
I.. (nm) 
Description 
Page 


HOLC-0266 
266 
780 
Transmitter/Receiver card which implements the emerging ANSI X3T9.3 
5-209 
Fiber Channel Standard (FC-O layer). Contains all functions necessary 
for sending 1O-bitwide encoded data serially. SC connectors. 


HOLC·K266 
266 
780 
Evaluation kit. Two HOLC-D266 cards; 4m SC duplex 50/125 
Jll11 cable; 
5-223 
electrical connectors; literature. 
• 


FhDW 
HEWLETT 
~~ 
PACKARD 


Low Cost, Miniature Fiber 
Optic Components with ST*, 
SMA and FC Ports 


Features 
• Low Cost Transmitters 
and Receivers 
• Choice of ST. SMA or FC 
Ports 
• 820 Nanometre 
Wavelength 
Technology 
• Signal Rates up to 
155Megabaud 
• Link Distances 
up to 
4 Kilometres 
• Specified 
with 50/125 J.LID. 
62.5/125 J.LID.100/140J.LID.and 
200 J.LIDPCS Fiber Sizes 
• Repeatable 
ST 
Connections 
within 0.2 dB 
Typical 
• Unique Optical Port 
Design for Efficient 
Coupling 
• Auto-Insertable 
and Wave 
Solderable 
• No Board Mounting 
Hardware 
Required 
• Wide Operating 
Temperature 
Range- 
-40°C to 85°C 
• AlGaAs Emitters 
100% 


Burn-In Ensures 
High 
Reliability 
• Demonstrated 
Reliability 


@ 40°C Exceeds 4 Million 
HoursMTBF 


·ST is a registered 
trademark 
of AT&T 
Lightguide 
Cable Connectors. 


• Conductive 
Port Option 
with the SMA and ST 
Threaded 
Port Styles 


Applications 
• Local Area Networks 
• Computer 
to Peripheral 
Links 
• Computer 
Monitor Links 
• Digital Cross Connect 
Links 
• Central 
Office SwitchlPBX 
Links 
• Video Links 
• Modems and Multiplexers 
• Suitable for Tempest 
Systems 
• Industrial 
Control Links 


Description 
The HFBR-0400 Series of 
components is designed to 
provide cost effective, high 
performance fiber optic commu- 
nication links for information 
systems and industrial 
applica- 
tions with link distances of up 
to 4 kilometres. With the HFBR- 
24X6, the 125 MHz analog 
receiver, data rates of up to 155 
megabaud are attainable. 


HFBR-0400 ST*, 
SMAand Fe Series 


Transmitters 
and receivers are 


directly compatible with popular 
"industry-standard" 
connectors: 


ST, SMA and FC. They are 
completely specified with 
multiple fiber sizes; including 
50/125 lJ.m,62.5/125 lJ.m, 
1001140lJ.m,and 200 lJ.m. 


Complete evaluation kits are 
available for ST and SMA 
product offerings; including 
transmitter, 
receiver, connec- 
tored cable, and technical 
literature. 
In addition, ST and 
SMA connectored cables are 
available. 


HFBR·0400 Series Selection Guide 
HFBR·X4XXaa 


1 = Transmitter 
j L 
T = Threaded 
ST Port 
2 = Receiver 
C = SMA, Conductive Port (Rx only) 
TC = Threaded 
ST, Conductive 
4 = 820 nm Transmitter 
and Receiver Products 
Port (Rx only) 


o = SMA, Housed 
2 = Tx, Standard 
Power 
1 = ST, Housed 
----------------' 
L- 
4 = Tx, High Power 
2 = FC, Housed 
2 = Rx, 5 MBd, TTL Output 


3 = SMA Port, 90 deg. Bent Leads 
4 = Rx, 25 MHz, Analog Output 
4 = ST Port, 90 deg. Bent Leads 
6 = Rx, 125 MHz, Analog Output 
5 = SMA Port, Straight 
Leads 
6 = ST Port, Straight 
Leads 


Data 
Rate 
Capability 
SMA Ports 
STPorts 


DCtoS 
MBd 
HFBR-0400 
HFBR-0410 


2to 70 MBd 
HFBR-0414 


Title 
Description 


L 


HFBR-0400 
Series Reliability 
Data 
Transmitter 
& Receiver Reliability 
Data 


Application 
Bulletin 
73 
Low-Cost Fiber Optic Transmitter 
& Receiver Interface 
Circuits 


Application 
Bulletin 
78 
Low Cost Fiber Optic Links for Digital Applications 
up to ISO MBd 


Application 
Note 1038 
Low-Cost Components 
for IEEE 802.3 Fiber Optic 
Inter-Repeater 
Links 


Techmcal Brief 105 
ST Connector/Cable 
Guide 


Techmcal Brief 101 
Fiber Optic SMA Connector Technology 
.. 


HFBR-0400 
ST and SMA Series 
Transmitter 
& Receiver Specifications 
. 


Package Information 
All HFBR-0400 Series 
transmitters 
and receivers are 
housed in a low-cost, dual-in- 
line package that is made of 
high strength, 
heat resistant, 
chemically resistant, 
and UL 
v-o flame retardant 
plastic. 
The transmitters 
are easily 


identified by the light grey color 
connector port. The receivers 
are easily identified by the dark 
grey color connector port. (Black 
color for conductive port.) The 
package is designed for auto- 


insertion and wave soldering 
so it is ideal for high volume 
production applications. 


Good system performance 
requires clean port optics 
and cable ferrules to avoid 
obstructing 
the optical path. 


Clean compressed air often is 
sufficient to remove particles 
of dirt; methanol on a cotton 
swab also works well. 


Handling and Design 
Information 
When soldering, it is advisable 
to leave the protective cap on 
the unit to keep the optics clean. 


CAUTION: 
The small junction 
sizes inherent 
to the deJJign of these 
components 
increases 
the components' 
susceptibility 
to damage 
from 
electrostatic 
discharge 
(ESD). It is advised 
that normal 
static 
precautions 
be taken in handling 
and assembly 
of these components 
to 
prevent 
damage 
and / or degradation 
which may be induced 
by ESD. 


I 


LENS-SPHERE 
(ON TRANSMtTIERS 
ONLY) 


LENS-WINDOW 


~ 
CONNECTOR PORT 


Link Design 
Considerations 
The HFBR-14XX transmitter 
and the HFBR-24XX receiver 
can be used to design fiber optic 
data links that operate with 50/ 
125 ~m, 62.5/125 ~m, 100/ 
140 ~m and 200 ~m pes fiber 
cables. 


distance, the HFBR-14X4 high 
power transmitter 
and/or the 
HFBR-24X4 receiver should be 
considered. 


5 MBd Logic Link Design 
The HFBR-14X4/24X2 Logic 
Link is guaranteed 
to work with 
62.5/125 ~m fiber optic cable 
over the entire range of 0 to 
1200 metres at a data rate of dc 
to 5 MBd, with arbitrary data 
format and typically less than 
25% pulse width distortion, 
when the transmitter 
is driven 


with IF = 30 mA, ~ = 115 Ohm 


The HFBR-14X2 standard 
transmitter 
and the HFBR-24X2 


receiver are suitable for systems 
requiring up to 5 MBd and 2 Km. 
For higher data rate or longer 


-+SV 
SELECT Rl TO SET IF 
HFBR-14XX 


I, 
TRANSMITTER 


--2 


6 


lK n 
7 
3 


NOTE: 
IT IS ESSENTIAL 
THAT A BYPASS CAPACITOR 
fO.011JF TO O.lIJF 


CERAMIC) 
BE CONNECTED 
FROM PIN 2 TO PIN 7 OF THE RECEIVER. 


TOTAL 
LEAD LENGTH 
BETWEEN BOTH ENDS OF THE CAPACITOR 


AND THE PINS SHOULD 
NOT EXCEED 20 mm. 


as shown in Figure 2. If it is 
desired to economize on power 
or achieve lower pulse 
distortion, then a lower drive 
current (IF) may be used. The 
following example will illustrate 
the technique for optimizing IF. 


Example: Maximum distance 
required = 400 metres. From 
Figure 3 the drive current 
should be 15 mA. From the 
transmitter 
data VF= 1.5 V 
(max.) as shown in Figure 9. 


Vcc- VF 
5 V - 1.5 V 


R1= 
----- 


IF 
15 mA 


= 233 ohm 


The curves in Figures 3, 4, and 
5 are constructed assuming no 
in-line splice or any additional 
system loss. Should the link 
consist of any in-line splices, 
these curves can still be used to 
calculate link limits provided 
they are shifted by the 
additional system loss in dB. 
For example, with 20 mA of 
transmitter 
drive current, 


1.6 km link distance is 
achievable. With 2 dB of 
additional system loss, 1.2 km 
link distance is achievable. 


Figure 
3. HFBR-1414/HFBR·2412 
Link Design 
Limits 
with 
62.5/125lJ.Dl 
Cable 


Figure 
4. HFBR·I4X2IHFBR·24X2 
Link Design 
Limits 
with 
l00/140lJ.Dl 
Cable 
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Figure 
5. HFBR-14X4IHFBR·24X2 
Link Design 
Limits 
with 
50/125lJ.Dl 
Cable 
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Figure 
6. Propagation 
Delay 


through 
System 
with One Metre 
of Cable 


Figure 
7. Typical 
Distortion 
of NRZ 
EYE-pattern 
with 
Pseudo 
Random 
Data at 5 Mbls <see Note 2) 
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Logic Link Design 
up to 35MBd 
For data rates up to 35 MBd, or 
longer distance, 
the HFBR-14X4 
high power transmitter 
and/or 
the HFBR-24X4 
receiver can be 
used. The table on the following 
page summarizes 
the typical 
performance 
of a 30 MBd link. 


For more details, please refer 
to HP Application 
Bulletin 
73 
(5954-8415). 
For design 
assistance 
for Ethernet 
applica- 
tions, refer to HP Application 
Note 1038 (5954-2215). 
If circuit 
design assistance 
is needed, 
please contact your local 
Hewlett-Packard 
Components 
Field 
Sales Engineer. 


Logic Link Design 
up to 155 MBd 
For data rates of up to 155 MBd, 
the HFBR-14X4 transmitter 
and 
the HFBR-24X6 
receiver 
can be 
used. The table on the following 
page summarizes 
the typical 
performance 
of a 100 MBd link. 


For more details, 
please refer to HP Application 
Bulletin 
78. If circuit design 
assistance 
is needed, please 
contact your local Hewlett- 
Packard 
Components 
Field 
Sales Engineer. 


Cable Selection 
The HFBR-0400 
Series can 
be used with fiber sizes such 
as 50/125 )lm, 62.5/125 )lm, 
1001140 )lm, 200 )lm PCS, and 
1000 )lm Plastic. Before 
selecting a fiber type, several 
parameters 
need to be carefully 
evaluated. 


The bandwidth 
and attenuation 
(dB/km) ofthe 
selected fiber, in 
conjunction 
with the amount 
of 
optical power coupled into it will 
determine 
the achievable 
link 
length. The parameters 
that 
will significantly 
affect the 
optical power coupled into the 
fiber are as follows: 


a. Fiber Core Diameter. As the 
core diameter 
is increased, 
the optical power coupled 
increases, 
leveling off at 
about 250 )lm diameter. 


b. Numerical 
Aperture 
(NA). 
As the NA is increased, 
the optical power coupled 
increases, 
leveling off at 
an NA of about 0.34. 


In addition 
to the optical 
parameters, 
the environmental 
performance 
of the selected 
fiber/cable 
must be evaluated. 
Finally, the ease of installing 


connectors 
on the selected fiber/ 
cable must be considered. 


ST connectored 
fiber optic cable 
is available 
from a variety 
of 
manufacturers 
and distributors, 
including 
those listed in HP 
Technical 
Brief 105; ST 
Connector/Cable 
Guide. For 
ST Evaluation 
Cables from 
Hewlett-Packard, 
please refer 
to page 00. 


ST Connectors 
ST connections 
are locking, 
vibration 
resistant, 
low loss and 
very repeatable. 
The HFBR- 
0400 ST Series Transmitters 
and Receivers 
are compatible 
with ST type connectors 
from a 
variety 
of manufacturers 
and 
distributors. 
For more informa- 
tion about ST Connectors, 
please refer to Technical 
Brief 
105; ST Connector/Cable 
Guide. 


SMA Connectors 
The HFBR-0400 
SMA Series 
Transmitters 
and Receivers 
are 
compatible 
with SMA type 
connectors. 
Depending 
upon the 
type of SMA connector 
that is 
chosen, price, performance, 
and 
reliability 
will vary. For more 
information 
about SMA connec- 
tors, please refer to Technical 
Brief 101; Fiber Optic SMA 
Connector 
Technology. 


Parameter 
Symbol 
Min. 
Typ.lll 
Max. 
Units 
Conditions 
Reference 


Optical 
Power Budget 
OPB.o 
4.2 
9.6 
dB 
HFBR-14X4I24X2 
w/50/125 
Ilm Fiber 
w/50/125 Ilm, NA = 0.2 


Optical 
Power Budget 
OPB6, 
.• 
8.0 
15.0 
dB 
HFBR-14X4I24X2 
w/62.5/125 
Ilm Fiber 
w/62.5/125Ilm, 
NA = 0.27 


Optical 
Power Budget 
OPB1OO 
8.5 
15.0 
dB 
HFBR-14X2124X2 
w/l00/140 
Ilm Fiber 
w/l00/140 
Ilm, NA = 0.30 


Optical 
Power Budget 
OPB,oo 
13 
20.5 
dB 
HFBR-14X2124X2 
w/200 Ilm PCS Fiber 
w/200 Ilm PCS, NA = 0.40 


Data Rate 
Synchronous 
dc 
5 
MBaud 
Note 2 


Asynchronous 
dc 
2.5 
MBaud 
Note 2, Fig. 7 


Propagation 
Delay 
tpili 
72 
nsec 
TA = 25°C 
Fig. 6, 7, 8 
LOW to HIGH 
Pa = -21 dBm Peak 


Propagation 
Delay 
tpHL 
46 
nsec 
HIGH to LOW 


System 
Pulse 
tpili-tpHL 
26 
nsec 
= 1.0 metre 
Width Distortion 


Bit Error 
Rate 
BER 
10-" 
Data Rate 
$ 5 MBaud 
Pa > -24 dBm Peak 


Notes: 
1. Typical 
data 
at T = 25°C, Vcc = 5.0 V dc, p. = 27.0 dBm. 
2. Synchronous 
data 
rate 
linrit is based 
on these 
assumptions: 
a) 50% duty factor 
modu lation, 
e.g., Manchester 
I or BiPhase 
Manchester 
II; b) continuous 
data; 
c) PLL Phase 
Lock Loop demodulation; 
d) TTL threshold. 


Asynchronous 
data 
rate 
linrit is based 
on these 
assumptions: 
a) NRZ data; 
b) arbitrary 
timing-no 
duty 
factor 
restriction; 


c) TTL threshold. 


The EYE pattern 
describes 
the timing 
range 
within 
which there 
is no uncertainty 
of the logic state, 
relative 
to a specific 
threshold, 
due to either 
noise or intersymbol 
prop. delay effects. 
• 


Parameter 
Symbol 
Min. 
Typ."1 
Max. 
Units 
Conditions 


Optical Power Budget 
OPB50 
9.7 
dB 
HFBR-14X4/24X4 


w/50/125 lLm Fiber 
w/50/125 
lLm, NA = 0.2 


Optical 
Power Budget 
OPB.'.5 
13.5 
dB 
HFBR-14X4/24X4 


w/62.5/125 
lLm Fiber 
w/62.5/125lLm, 
NA = 0.27 


Optical 
Power Budget 
OPB,oo 
13.5 
dB 
HFBR-14X2124X4 


w/100/140 
lLm Fiber 
w/100/140 
lLm, NA = 0.30 


Optical 
Power Budget 
OPB,oo 
19 
dB 
HFBR-14X4/24X4 


w/200 lLm PCS Fiber 
w/200 lLm PCS, NA = 0040 


Data Format 
NRZ 
dc 
30 
MBaud 
Reference 
AB 73 for 
circuit 
details, 
Note 2, 3 


Propagation 
Delay 
tpLH 
12 
nsec 
TA = 25°C 


LOW to HIGH 
Pa = -13 dBm Peak 


Propagation 
Delay 
tpHL 
8 
nsec 
HIGH to LOW 


System 
Pulse 
tpLH-tpHL 
4 
nsec 
= 1.0 metre 
Width Distortion 


Bit Error 
Rate 
BER 
10-' 
Data Rate s 30 MBaud 
Pa > -25.5 
dBm Peak 


Notes: 
1. Typical data at T = 25°C, Vcc = 5.0 V dc. 
2. This circuit utilizes 
the LTI016 comparator 
from Linear Technology Corporation. 
If operated 
at 5 MBd, an additional 
4.5 dB 


of optical power budget 
can be obtained. 


3. IfHFBR-24X4 
is replaced 
with the HFBR-24X6, 
an additional 
5.5 dB of optical power budget 
can be obtained 
at 30 MHz NRZ. 


Parameter 
Symbol 
Min. 
Typ."1 
Max. 
Units 
Conditions 


Optical 
Power Budget 
OPB50 
14_7 
dB 
HFBR-14X4/24X6 


w/50/125 lLm Fiber 
w/50/125 lLm, NA = 0.2 


Optical 
Power Budget 
OPB.'.5 
19 
dB 
HFBR-14X4/24X6 


w/62.5/125 
lLm Fiber 
w/62.5/125lLm, 
NA = 0.27 


Optical 
Power Budget 
OPB,oo 
19 
dB 
HFBR-14X2124X6 


w/100/140 
lLm Fiber 
w/100/140 
lLm, NA = 0_30 


Optical 
Power Budget 
OPB,oo 
24 
dB 
HFBR-14X2124X6 


w/200 lLm PCS Fiber 
w/200 lLm PCS, NA = 0040 


Data Format 
20% to 
100 
MBaud 
Reference 
AB 78 for 


80% Duty Factor 
circuit 
details, 
Note 2 


Propagation 
Delay 
tpLH 
5 
nsec 
TA = 25°C 


LOW to HIGH 
Pa = -7 dBm Peak 


Propagation 
Delay 
tpHL 
4 
nsec 
HIGH to LOW 


System 
Pulse 
tpLH-tpHL 
1 
nsec 
= 1.0 metre 
Width Distortion 


Bit Error 
Rate 
BER 
10-' 
Data Rate S 100 MBaud 
Pa > -31 dBm Peak 


Notes: 
1. Typical data at T. = 25°C, VES = -5.2 V dc, Vcc = 0 (ECL). 
2. The optical power budgets 
at 100 MBd were measured 
with an unrestricted 
receiver, 
without 
a Nyquist 
filter. A 10116 ECL line 


receiver 
was used in the receiver 
digitizing 
circuit. 
If unnecessary 
bandwidth 
is eliminated 
by low-pass 
filtering, 
an additional 


2 dB of link budget 
is attainable 
at 30 MBd. 


ST Evaluation 
Kit 
There are two kits available that 
are compatible with the ST 
connector. The HFBR-0410 and 
the HFBR-0414 kits is a simple 
and inexpensive way to 
demonstrate 
the performance 
of 
Hewlett-Packard's 
HFBR-0400 
ST Series transmitters 
and 
receivers. 


The HFBR-0410 ST Evaluation 
Kit is useful for applications up 
to 5 MBd and contains the 
following items: 


• One HFBR-1412 transmitter 
• One HFBR-2412 five 
megabaud TTL receiver 
• Three metres of ST 
connectored 62.5/125 ~m fiber 
optic cable with low cost 
plastic ferrules 


• HFBR-0400 Series data sheets 
• HP Application Bulletin 73 
• ST connector and cable data 
sheets 


The HFBR-0414 ST Evaluation 
Kit is useful for applications up 
to 70 MBd and contains 
additional 
components to 
interface to the transmnitter 
and receiver as well as the PCB 
to reduce design time. 


• One HFBR-1414T transmitter 
• One HFBR-2416T receiver 
• Three meters of ST 
connectored 62.5/125 ~m fiber 
optic cable 
• Printed circuit board 
• ML 4622 CP Data Quantizer 
• 74ACTllOOON LED Driver 
• LT1016CN8 Comparator 
• 4.7 ~ 
Inductor 


SMA Evaluation Kit 
The HFBR-0400 kit is a 
simple and inexpensive way to 
demonstrate 
the performance of 
Hewlett-Packard's 
HFBR-0400 
SMA Series transmitters 
and 
receivers. 


• One HFBR-1402 transmitter 
• One HFBR-2402 five 
megabaud TTL receiver 
• Two metres of SMA 
connectored 1000 ~m plastic 
core fiber optic cable 
• HFBR-0400 Series data sheets 
• HP Applications Bulletin 73 
The HFBR-0400 SMA 
Evaluation 
Kit contains the 
following items: 


• 


Mechanical Dimensions 
HFBR·0400 SMA Series 
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Mechanical Dimensions 
HFBR·0400 ST Series 
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Mechanical Dimensions 
HFBR-0400T Threaded 
ST Series 
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Mechanical Dimensions 
HFBR-0400FC Series 


PART 
NUMBER 


'NOTE3)~ 
MaIO.756G 
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Port Cap Hardware 
HFBR-4402: SMA Port Caps 
HFBR-4412: ST Port Caps 
(Each HFBR-4402 and HFBR- 
4412 consists of 500 port caps) 


Recommended 
Chemicals for 
Cleaning/Degreasing 
HFBR·0400Products 
Alcohols (methyl, isopropyl, 
isobutyl) 
Aliphatics (hexane, heptane) 
Other (soap solution, naphtha) 


(Do not use partially 
halogenated hydrocarbons 
(such 
as 1,1.1 trichloroethane), 
ketones (such as MEK), acetone, 
chloroform, ethyl acetate, 
methylene dichloride, phenol, 
methylene chloride, or N- 
methylpyrolldone. Also, HP does 
not recommend the use of 
cleaners that use halogenated 
hydrocarbons because of their 
potential environmental 
harm.) 


Notes: 
1. AIl dimensions 
are in millimetres 
and 
(inches). 
2. Unhoused 
products 
are distinguished 
by the combination 
of the first 
character 
in the part 
marking 
and the 
part 
marking 
color. 
YYWW represents 
the date code 


Base 
Part 
Part 
,Part 
Marking 
Number 
Markiner 
Color 
HFBR-14X2 
2-YYWW 
Red 


HFBR-14X4 
4-YYWW 
Red 


HFBR-24X2 
2-YYWW 
White 
HFBR-24X4 
4-YYWW 
White 
HFBR-24X6 
6-YYWW 
White 


This marking 
scheme 
does not dis- 
tinguish 
between 
different 
connector 
styles. 


3. The ports are shaded 
as shown 
below. 


rh~ HEWLETT 
~~ 
PACKARD 


High Speed Low Cost 
Fiber Optic Transmitter 


Description 
The HFBR-14XX fiber optic 
transmitter 
contains an 820 nm 


GaAIAs emitter capable of 
efficiently launching 
optical 
power into four different optical 
fiber sizes: 50/125 11m,62.5/125 
11m,100/140 11m,and 200 11m 
PCS. This allows the designer 
flexibility in choosing the fiber 
size. The HFBR-14XX is 
designed to operate with the 
Hewlett-Packard 
HFBR-24XX 
fiber optic receivers. 


The HFBR-14XX transmitter's 
high coupling efficiency allows 
the emitter to be driven at low 
current levels resulting in low 
power consumption and 


increased reliability of the 
transmitter. 
The HFBR-14X4 
high power transmitter 
is 
optimized for small size fiber 
and typically can launch 
-15.8 dBm optical power @ 60 
rnA into 50/125 11mfiber and 
-12 dBm into 62.5/125 11mfiber. 
The HFBR-14X2 standard 
transmitter 
typically can couple 
-11.5 dBm of optical power 


@ 60 mA into 100/140 11mfiber 
cable. It is ideal for large size 
fiber such as 100/140 11m.The 
high power level is useful for 
systems where star couplers, 
taps, or inline connectors create 
large fixed losses. 


HFBR-l4X2 and 
HFBR-14X4 Series 


PIN 
FUNCTION 


" 
N.C. 


2 
ANODE 
3' 
CATHODE 
4, 
N.C. 
5, 
N.C. 
• 


ANODE 
,- 
ANODE 
8, 
N.C. 


·PINS 
2,6 AND 7 ARE 
elECTRICAllY 
CONNECTED 
TO 


PIN 
FUNCTION 
, 
ANODE 
2 
CATHODE 


3 
ANODE 


4 
ANODE 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°c 


Operating Temperature 
TA 
-40 
+85 
°C 
Lead 
Temp. 
+260 
°C 
Soldering 
Cvcle 
Time 
10 
sec 
Forward 
Peak 
IFPK 
200 
mA 
Input 
Note 1 


Current 
DC 
IFOC 
100 
rnA 


Reverse Input 
VBR 
1.8 
V 
Voltage 


Consistent 
coupling efficiency 
is assured by the double-lens 
optical system (Figure 1). Power 
coupled into any of the three 
fiber types varies less than 5 dB 
from part to part at a given 
drive current and temperature. 
The benefit of this is reduced 
dynamic range requirements 
on 
the receiver. 


CAUTION: 
The small junction 
sizes inherent 
to the design of this 
component 
increases 
the component's 
susceptibility 
to damage 
from 
electrostatic 
discharge 
(ESD). It is advised 
that normal 
static 
precautions 
be taken in handling 
and assembly 
of this component 
to 
prevent 
damage 
and / or degradation 
which may be induced 
by ESD. 


Parameter 
Symbol 
Min. 
Typ.I!) 
Max. 
Units 
Conditions 
Reference 


Forward Voltage 
VF 
1.48 
1.70 
2.09 
V 
IF= 60 mA 
Figure 9 


1.84 
IF= 100 mA 


Forward Voltage 
V';T 
-0.22 
mV/oC 
IF= 60mA 
Figure 9 
Temperature 
Coefficient 
-0.18 
IF= 100mA 


Reverse Input Voltage 
VBa 
1.8 
3.8 
V 
IR= 100~ 


Center Emission 
),. 
792 
820 
865 
. 
nm 
Wavelength 


Diode Capacitance 
CT 
55 
pF 
V=O, 
f= 1 MHz 


Optical Power 
P./T 
-0.006 
dB/oe 
1= 60mA 
Temperature 
Coefficient 
-0.010 
1= 100mA 


Thermal Resistance 
9JA 
260 
°C/W 
Notes 3, 8 


- 


Numerical Aperture 
NJ\4X4 
0.31 
(HFBR - 14X4) 


Numerical Aperture 
NJ\4X2 
0.49 
(HFBR-14X2) 


Optical Port Diameter 
Dux4 
150 
JIm 
Note 4 
(HFBR - 14X4) 


Optical Port Diameter 
D14x2 
290 
JIm 
Note 4 
(HFBR-14X2) 


Electrical /Optical Specifications -40°C to +85°C unless otherwise specified 
HFBR-14X4 Peak Output 
Power 
Measured 
Out of 1m of Cable 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Reference 


-18.8 
-15.8 
-13.8 
TA = 25°C IF = 60 mA 
50/125 ~m 
P160 
-19.8 
-12.8 
dEm 
Fiber Cable 
NA= 0.20 
-17.3 
-13.8 
-11.4 
TA = 25°C IF = 100mA 


. 
-18.9 
-10.8 


-15.0 
-12.0 
-10.0 
TA = 25°C IF = 60mA 
62.5/125 ~m 
PT" 
-16.0 
-9.0 
dEm 
Fiber Cable 
NA = ,0.275 
-13.5 
-10.0 
-7.6 
TA = 25°C IF = 100mA 


-15.1 
-7.0 


L 


-9:5 
-6.5 
-4.5 
TA = 25°C IF = 60 mA 
Notes 5,6,9 
100/140 ~m 
P 
T,OO 
-10.5 
-3.5 
dEm 
Fiber Cable 
NA=0.30 
-8.0 
-4.5 
-2.1 
TA = 25°C IF = 100 mA 


" 


" 
-9.6 
-1.5 


-4.5 
-3.0 
+1.5 
TA = 25°C IF = 60 mA 
200~m PCS 
P 
TJOO 
-5.5 
+2.5 
dEm 
Fiber Cable 
NA= 0.40 
-3.0 
-1.0 
+3.9 
TA = 25°C IF = 100 mA 


-4.6 
+4.5 
.' 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Reference 
-21.8 
-18.8 
-16.8 
TA = 25°C IF = 60 mA 
50/125 ~m 
PT" 
-22.8 
-15.8 
dEm 
Fiber Cable 
NA= 0.20 
-20.3 
-16.8 
-14.4 
TA = 25°C IF = 100mA 
-21.9 
-13.8 


-19.0 
-16.0 
-14.0 
TA = 25°C IF = 60 mA 
62.5/125 ~m 
PT" 
-20.0 
-13.0 
dEm 
Fiber Cable 
NA=0.275 
-17.5 
-14.0 
-11.6 
TA = 25°C I., = 100mA 


-19.1 
-11.0 


-15.0 
-12.0 
-10.0 
TA = 25°C IF = 60 mA 
Notes 5, 6, 9 
100/140 ~m 
P 
T,OO 
dEm 
Fiber Cable 
-16.0 
-9.0 
NA=0.30 
-13.5 
-10.0 
-7.6 
TA = 25°C IF = 100 mA 


-15.1 
-7.0 


-10.0 
-6.5 
-4.0 
TA = 25°C IF = 60 mA 
200~m PCS 
PTJOO 
dEm 
Fiber Cable 
-11.0 
-3.0 
NA= 0.40 
-8.5 
-4.5 
-1.6 
TA = 25°C IF = 100 mA 


-10.1 
-1.0 


WARNING: 
Observing 
the transmitter 
output power under magnification 
may cause injury 
to the eye. When 


viewed with the unaided 
eye, the infrared 
output 
is radiologically 
safe. However, 
when viewed under 
magnification, 
precaution 
should 
be taken to avoid exceeding 
the limits 
recommended 
in ANSI 
Z136.1.1981. 
l- 
5-25 ------- 
----J 


• 


Parameter 
Symbol 
Min. 
Typ.!I) 
Max. 
Units 
Conditions 
Reference 


Rise Time, Fall Time 
t" tr· 
4.0 
6.5 
nsec 
IF= 60mA 
Note 7, 
(10% to 90%) 
No Pre-bias 
Figure 12 


Rise Time, Fall Time 
t,. tr 
3.0 
nsec 
IF = 10 to 
Note 7, 
(10% to 90%) 
100mA 
Figure 11 


Pulse Width Distortion 
PWD 
0.5 
nsec 
Figure 11 


Notes: 
1. For Ippx > 100 mA, the time duration 
should 
not exceed 
2 ns. 
2. Typical 
data 
at T A = 25°C. 
3. Thermal 
resistance 
is measured 
with the transmitter 
coupled 
to a connector 
assembly 
and mounted 
on a printed 
circuit 
board. 
4. Dr is measured 
at the plane 
of the fiber face and defines 
a diameter 
where 
the optical 
power 
density 
is within 
10 dB of the 
maximum. 
5. P r is measured 
with a large 
area 
detector 
at the end of 1 metre 
of mode stripped 
cable, 
with an ST* precision 
ceramic 
ferrule 
(MIL-STD-83522113) 
for HFBR-1412/1414, and with an SMA 905 precision 
ceramic 
ferrule 
for HFBR-1402l1404. 
This 
approximates 
a standard 
test connector. 
6. When 
changing 
JlW to dBm, the optical 
power 
is referenced 
to 1 mW (1000 JlW). Optical 
Power 
P (dBm) = 10 log P (JlW)I 
1OOOJlW. 
. 


7. Pre·bias 
is recommended 
ifsignal 
rate> 
10 MBd. see recommended 
drive circuit 
in Figure 
11. 


8. Pins 2, 6 and 7 are welded 
to the anode 
header 
connection 
to minimize 
the thermal 
resistance 
from junction 
to ambient. 
To 
further 
reduce 
the thermal 
resistance, 
the anode 
trace 
should 
be made 
as large 
as is consistent 
with good RF circuit 
design. 
9. Fiber 
NAis 
measured 
at the end of2 metres 
of mode stripped 
fiber. using 
the far-field 
pattern. 
NA is defined 
as the sine of the 
half angle, 
determined 
at 5% of the peak intensity 
point. 
When 
using 
other 
manufacturer's 
fiber cable, results 
will vary due to 
differing 
NA values 
and specification 
methods. 


Recommended 
Drive Circuits 
The circuit used to supply 
current to the LED transmitter 
can significantly influence the 
optical switching characteristics 
of the LED. The optical rise/fall 
times and propagations 
delays 
can be improved by using 
certain circuit techniques. 


The LED drive circuit shown in 
Figure 11 uses current-peaking 


to reduce the typical rise/fall 
times ofthe LED and a small 
pre-bias voltage to minimize 
propagation 
delay differences 
that cause pulse-width 
distortion. The circuit will 
typically produce rise/fall times 
of 3 ns, and a total jitter 
including pulse-width distortion 
ofless than 2 ns. This circuit is 
recommended for applications 
requiring low edge jitter or 
high-speed data transmission 
at 


C ( F) = 2000 (ps) 


p 
R 
() 
x, 


signal rates of up to 125 MBd. 
Component values for this 
circuit can be calculated for 
different LED drive currents 
using the equations 
shown 
below. 


For additional 
details about 
LED drive circuits, the reader 
is encouraged to read Hewlett- 
Packard Application Bulletin 78 
and Application Note 1038. 


R = (5 - 1.84) +3.97 (5 - 1.84 - 1.6) 


y 
0.100 


R = 3.16 + 6.19 = 93.5 0 


y 
0.100 


Rx =~(~)= 
11.80 
, 
2 
3.97 


Example for IR = 100 mA: VF can be obtained 
from Figure 9 '"'(= 1.84 V) 


R••= Rx, = Rx• = 3 (10.8) = 32.4 0 


2,OOOpS 
C = 11.80 
- 169 pF 
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Figure 10. Normalized Transmitter 
Output VB. Forward Current . 
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5 MBd Low Cost 
Fiber Optic Receiver 


Description 
The HFBR-24X2 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard 
HFBR-14XX fiber optic 
transmitter 
and 50/125 J.lm, 
62.5/125 J.lm,and 100/140 J.lm 
fiber optic cable. Consistent 
coupling into the receiver is 
assured by the lensed optical 
system (Figure 1). Response 
does not vary with fiber size. 


The HFBR-24X2 receiver 
incorporates 
an integrated 


photo IC containing a 
photodetector 
and dc amplifier 
driving an open-collector 
Schottky output transistor. 
The 
HFBR-24X2 is designed for 
direct interfacing to popular 


logic families. The absence of an 
internal pull-up resistor allows 
the open-collector output to be 
used with logic families such 
as CMOS requiring voltage 
excursions much higher than 
Vcc' 


Both the open-collector "Data" 
output Pin 6 and VfC Pin 2 are 
referenced to "Com Pin 3, 7. 
The "Data" output allows 
busing, strobing and wired "OR" 
circuit configurations. The 
transmitter 
is designed to 
operate from a single +5 V 
supply. It is essential that a 
bypass capacitor (0.1 J.lF 
ceramic) be connected from 
Pin 2 (Vcc) to Pin 3 (circuit 
common) ofi,he receiver. 


CAUTION:.The 
small junction 
sizes inherent to the design of this 
component. lnc!"eases the component's susceptibility 
to damage from 


electrostatIC d,scharge (ESD). It is advised that normal static 
precautions 
be taken in handling and assembly of this component to 


prevent damage and Ior degradation 
which may be induced by ESD. 


PIN 
FUNCTION 


11 
N.C. 


2 
Vcc(5 
VI 
3' 
COMMON 
4, 
N.C. 


5' 
N.C. 
• 
DATA 


7" 
COMMON 
., 
N.C . 


'PINS 
3 AND 7 ARE ELECTRICALLY 
CONNECTED 
TO HEADER 


tPINS 
1.4.5. 
AND 8 ARE elECTRICAllY 


CONNECTED 


PIN 
FUNCTION 
, 
Vcc (5 VI 


2 
COMMON 
3 
DATA 
4 
COMMON 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°C 


Operating 
Temperature 
TA 
-40 
+85 
°C 
Lead 
Temp. 
+260 
°C 
Note 1 
Soldering 
Cvcle 
Time 
10 
sec 


Supply Voltage 
Vcc 
-D.5 
7.0 
V 


Output 
Current 
10 
25 
mA 


Output 
Voltage 
Vo 
-D.5 
18.0 
V 


Output 
Collector 
POAV 
40 
mW 
Power Dissipation 


Fan Out (TrL) 
N 
5 
Note 2 


Electrical / Optical Characteristics 
-40°C 
to + 85°C unless otherwise 
specified; 
Fiber sizes with core diameter 
~ 100 11mand NA ~ 0.35, 4.75 V ~ Vcc ~ 5.25 V 


Parameter 
Symbol 
Min. 
Typ.[3] 
Max. 
Units 
Conditions 
Reference 


High Level Output 
10H 
5 
250 
!J.A 
Vo = 18 V 
Current 
PR <-40dBm 


Low Level Output 
VOL 
0.4 
0.5 
V 
10= 8mA 
Voltage 
PR > -24 dBm 


High Level Supply 
ICCH 
3.5 
6.3 
mA 
Vcc = 5.25 V 
Current 
PR <-40dBm 


Low Level Supply 
ICCL 
6.2 
10 
mA 
Vcc = 5.25 V 
Current 
PR>-24 
dBm 


Equivalent 
N.A. 
NA 
0.50 


Optical Port Diameter 
DR 
400 
11m 
Note 4 
• 


Dynamic Characteristics 
-40°C to +85°C unless otherwise 
specified; 4.75 V :s;Vcc :s;5.25 V; 


BER:s; 10.9 


Parameter 
Symbol 
Min. 
Typ.IS) 
Max. 
Units 
Conditions 
Reference 


Peak Input 
Power 
PRH 
-40 
dBm 
\, = 820 nm 
Note 5 


Level Logic HIGH 
0.1 
llW 


Peak Input Power 
PRL 
-25.4 
-9.2 
dBm 
TA = +25°C, 
Note 5 


Level Logic LOW 
2.9 
120 
llW 
IoL=8mA 


-24.0 
-10.0 
dBm 


4.0 
100 
llW 
IOL= 8 mA 


Propagation 
Delay 
t"LHR 
65 
nsec 
TA = 25°C, 
Note 6 
LOW to HIGH 
PR= -21 dBm, 
Data Rate = 
5MBd 


Propagation 
Delay 
t"HLR 
49 
nsec 
HIGH to LOW 
. . 


Notes: 
1. 2.0 mm from where leads enter case. 
2. 8 mA load (5 x 1.6 mAl, RL = 560 Q. 
3. Typical data at T. = 25° C, Vcc = 5.0 Vdc. 
4. D. is the effective diameter 
of the detector 
image on the plane of the fiber face. The numerical 
value is the product of the actual 


detector 
diameter 
and the lens magnification. 


5. Measured 
at the end of 100/140 11mfiber optic cable with large area detector. 


6. Propagation 
delay through 
the system 
is the result 
of several sequentially-<Jccuning 
phenomena. 
Consequently 
it is a 
combination 
of data-rate-limiting 
effects and of transmission-time 
effects. Because 
of this, the data-rate 
limit of the system 


must be described 
in terms oftime 
differentials 
between 
delays imposed on falling and rising edges. 


As the cable length 
is increased, 
the propagation 
delays increase 
at 5 ns per metre of length. Data rate, as limited by pulse 


width distortion, 
is not affected by increasing 
cable length if the optical power level at the receiver 
is maintained. 


rhO- HEWLETT 
~t'...•PACKARD 


25 MHz Low Cost 
Fiber Optic Receiver 


Description 
The HFBR-24X4 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard 
HFBR-14XX fiber optic 
transmitters 
and 50/125 J.!m, 


62.5/125 J.!m,and 100/140 J.!m 
fiber optic cable. Consistent 
coupling into the receiver is 
assured by the lensed optical 
system (Figure 1). Response 
does not vary with fiber size. 


The receiver output is an analog 
signal that can be optimized for 
a variety of distance/data 
rate 


requirements. 
Low-cost external 


components can be used to 
convert the analog output to 
logic compatible signal levels for 
various data formats and data 
rates up to 35 MBaud. This 
distance/data 
rate tradeoff 


results in increased optical 
power budget at lower data 
rates which can be used for 
additional distance or splices. 


The HFBR-24X4 receiver 
contains a PIN photodiode and 


low noise transimpedance 
pre- 
amplifier integrated circuit with 
an inverting output (see note 3). 
The HFBR-24X4 receives an 
optical signal and converts it to 
an analog voltage. The output 
is a buffered emitter-follower. 
Because the signal amplitude 
from the HFBR-24X4 receiver is 
much larger than from a simple 
PIN photodiode, it is less 
susceptible to EMI, especially 
at high signal rates. A receiver 
dynamic range of 15 dB over 
temperature 
is achievable 


(assuming 10-9BER). For 
very noisy environments, the 
conductive port option is 
recommended. 


The frequency response is 
typically dc to 25 MHz. 
Although the HFBR-24X4 is an 
analog receiver, it is easily 
made compatible with digital 
systems. Please refer to 
Application Bulletin 73 for 
simple and inexpensive circuits 
that operate up to 35 MBd. 


c;/ 
~:3&7 
~~~LOG 
SIGNAL 


COMMON 


PIN 
FUNCTION 


1t 
N.C. 


2 
SIGNAL 
3· 
COMMON 
4' 
N.C. 
5, 
N.C. 
• 
Vccl5 
VJ 
,- 
COMMON 
B' 
N.C. 


'PINS 3 AND 7 ARE elECTRICALLY 
CONNECTED 
TO HEADER 


tPINS 
1.4.5. 
AND 8 ARE ELECTRICALLY 
CONNECTED 


PIN 
FUNCTION 
, 
SIGNAL 
2 
COMMON 


3 
Vccl5 
VI 


4 
COMMON 


CAUTION.: The small junction sizes inh~rent to the design oft~is component increases the component's 
suscep~,b,ltty to damage from electros~at'c d,scharge (ESD). It ,s advised that normal static precautions be 
taken tn handh ng and assembly of thts component to prevent damage and Ior degradation which may be 
induced by ESD. 


• 
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Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°C 


Operating Temperature 
TA 
-40 
+85 
°C 
Lead 
Temp. 
+260 
°C 
Soldering 
Note 1 
Cvele 
Time 
10 
see 


Signal Pin Voltage 
VSIGNAL 
-{).5 
1 
V 


Supply Voltage 
Vee 
-{).5 
7.0 
V 


Electrical/Optical 
Characteristics -40°C to +85°C; 4.75 V s; Vcc s; 5.25 V; RLDAD = 511 Q; 
Fiber sizes with core diameter 
S; 100 lJ.m,and N.A. S; 0.35 unless otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ.[5] 
Max. 
Units 
Conditions 
Reference 


Responsivity 
lip 
5.1 
7 
10.9 
mV/lJ.W 
TA = 25°C 
Figure 
14 
@820nm 


4.6 
12.3 
mV/lJ.W 


RMS Output 
VND 
0.30 
0.36 
mV 
TA = 25°C, 
Figure 
15 
Noise Voltage 
PR = 0 lJ.W 


0.43 
mV 
PR = 0 lJ.W 


Equivalent 
Optical Noise 
PN 
-43.7 
-40.3 
dBm 
Input Power (RMS) 
0.042 
0.094 
lJ.W 


Peak Input Power 
PR 
-12.6 
dBm 
TA = 25°C 
Note 2 


55 
lJ.W 


-14 
dBm 


40 
lJ.W 


Output 
Impedance 
Zo 
20 
Q 
Test 
Frequency 
= 
20 MHz 
DC Output 
Voltage 
Vodo 
0.7 
V 
PR = 0 lJ.W 
Note 3 


Power Supply Current 
Icc 
3.4 
6.0 
mA 
~OAD=oo 


Equivalent 
N.A. 
NA 
0.35 


Equivalent 
Diameter 
DR 
250 
lJ.m 
l 
Note 4 I 


Dynamic 
Characteristics 
-40°C to +85°C; 4.75 V:'>Vcc :'>5.25 V;H.r.OAD =511 n, CLOAD = 13 pF 
unless otherwise specified. 


Parameter 
Symbol 
Min. 
Typ.151 
Max. 
Units 
Conditions 
Reference 


Rise/Fall Time, 
t" tr 
14 
19.5 
ns 
TA = 25°C 
10% to 90% 
PR=10~W 
Note 6 
Peak 
26 
ns 


Pulse Width Distortion 
tph1 - tp1h 
2 
ns 
PR=40~W 
Peak 


Overshoot 
10 
% 
TA = 25°C 
Note 7 


Bandwidth (Electrical) 
BW. 
25 
MHz 
-3 dB 
Electrical 


Power Supply 
Figure 16 
Rejection 
PSRR 
50 
dB 
at 1 MHz 
Note 8 
Ratio (Referred to 
Output) 


Bandwidth - Rise Time 
0.35 
Hz·s 
Product 


Notes: 
1. 2.0 mm from where leads enter case. 
2. IfP. 
> 40 f'W, then pulse width distortion 
may increase. 
At Pi. = 80 f'W and T. = 85°C, some units have exhibited 
as much as 


100 ns pulse width distortion. 


3. VouT=Vooc-(RpxP.). 
4. D. is the effective diameter 
of the detector image on the plane of the fiber face. The numerical 
value is the product of the actual 
detector diameter 
and the lens magnification. 


5. Typical specifications 
are for operation 
at T. = 25°C and Vcc = 5.0 V. 
6. Input optical signal is assumed 
to have 10% - 90% rise and fall times ofless than 6 ns. 
7. Percent 
overshoot is dermed as: (VPK- 
VIOO_) 
X 100%. 
V,_ 


8. Output referred P.S.R.R. is defined as 20 log 
(VPOWE•• UPPLV 
••P••E)' 


VOUTR.lPPlE 


Figure 
14. Receiver 
Spectral 
Response 
Normalized 
to 820 run. 
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Figure 
15. Receiver 
Noise 
Spectral 
Density. 
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Figure 
16. Receiver 
Power 
Supply 
Rejection 
vs. Frequency. 
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PACKARD 


125 MHz Low Cost 
Fiber Optic Receiver 


Description 
The HFBR-24X6 
fiber optic 


receiver is designed 
to operate 


with the Hewlett-Packard 
HFBR-l4XX 
fiber optic 


transmitters 
and 50/125 l1m, 


62.5/12511m, and 1001140 l1m 
fiber optic cable. Consistent 
coupling into the receiver 
is 


assured 
by the lensed optical 


system (Figure 
1). Response 
does not vary with fiber size for 
core diameters 
of 100 l1m or 


less. 


The receiver output 
is an analog 


signal which allows follow-on 
circuitry 
to be optimized 
for a 


variety 
of distance/data 
rate 


requirements. 
Low-cost external 
----- 
components 
can be used to 


convert the analog output 
to 
logic compatible 
signal levels for 


various 
data formats 
and data 


rates up to 155 MBd. This 
distance/data 
rate tradeoff 


results 
in increased 
optical 
power budget at lower data 
rates which can be used for 
additional 
distance 
or splices. 


The HFBR-24X6 receiver 
contains 
a PIN photodiode 
and 
low noise transimpedance 
pre- 
amplifier 
integrated 
circuit. The 
HFBR-24X6 
receives an optical 
signal and converts 
it to an 
analog voltage. The output 
is a 
buffered emitter-follower. 
Because the signal amplitude 
from the HFBR-24X6 
receiver 
is much larger than from a 
simple PIN photodiode, 
it is less 
susceptible 
to EMI, especially 
at 
high signal rates. For very noisy 
environments, 
the conductive 
port option is recommended. 
A 
receiver dynamic range of 23 dB 
over temperature 
is achievable 
(assuming 
10-"BER). Because 
the maximum 
receiver input 
power is 6 dB larger and the 
noise is 2 dB lower over 
temperature 
than HP's HFBR- 
24X4 25 MHz receiver, the 
HFBR-24X6 
is well suited for 
more demanding 
link designs 
that require 
wide receiver 
dynamic range. 


P'N 
FUNCTION 


1t 
N.C. 


2 
SIGNAL 


3' 
v" 
4j 
N.C. 


5j 
N.C. 
• 
vcc 


7' 
v" 
8j 
N.C. 


·PINS 
3 AND 7 ARE elECTRICALLY 
CONNECTED 
TO HEADER 
tPINS 
1,4,5 
AND 8 ARE ELECTRICAllY 
CONNECTED. 


P'N 
FUNCTION 


1 
SIGNAL 


2' 
v" 


3 
vcc 


4' 
v" 


CAUTI,O!V,: The small junction 
sizes in~re~t 
to the design oft~is component increases the component's 
sU8cep~lblllty ~ damage from electros~tlc 
dlscharge (ESD). It 
LS advised that normal static precautions 
be 


taken m handlmg 
and assembly of thls component to prevent damage and 1or degradation 
which may be 


induced by ESD. 


• 


The frequency 
response 
is 
typically 
dc to 125 MHz. 


Although 
the HFBR-24X6 
is 
an analog receiver, 
it is easily 
made compatible 
with digital 
systems. 
Please refer to 
Application 
Bulletin 
78 for 
simple and inexpensive 
circuits 
that operate 
up to 155 MBd. 


The recommended 
ac coupled 
receiver circuit is shown in 
Figure 
17. It is essential 
that 
a 10 ohm resistor 
be connected 
between 
VEE and the power 
supply, and a 0.1 p.F ceramic 
bypass capacitor 
be connected 
between 
the power supply and 
ground. 
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Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°C 


Operating 
Temperature 
TA 
-40 
+85 
°C 
Lead 
Temp. 
+260 
°C 
Soldering 
Note 1 
Cycle 
Time 
10 
sec 


Signal Pin Voltage 
VSIGNAL 
-0.5 
Vee 
V 
, 


Supply Voltage 
Vee-VEE 
-0.5 
6.0 
V 


Output 
Current 
10 
25 
mA 
, 


Electrical! Optical Characteristics 
-40°C to +85°C; -5.45 V ~ Supply Voltage ~ -4.75 V, 


RwAD = 511 n, Fiber sizes with core diameter 
~ 100 11m,and N.A ~ 0.35 unless otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ.ll) 
MaI. 
Units 
Conditions 
Reference 


Responsivity 
R,. 
5.3 
7 
9.6 
mVlj1W 
TA = 25° C 
Note 3, 4 
@ 820 nm, 50 MHz 
Figure 
21 


4.5 
11.5 
mV/j1W 
@ 820 nm, 50 MHz 


RMSOutput 
VNO 
0.40 
0.59 
mV 
Bandwidth 
Filtered 
Note 5 
Noise Voltage 
@75MHz 
PB=Oj1W 


0.70 
mV 
Unfiltered 
Bandwidth 
Figure 18 
PB=Oj1W 


Equivalent 
Optical Noise 
-43.0 
-41.4 
dBm 
Bandwidth 
Filtered 
Input Power (RMS) 
PN 
0.050 
0.065 
j1W 
@75MHz 


Peak Input Power 
PB 
-7.6 
dBm 
TA = 25°C 
Figure 19 


175 
j1W 
Note 6 


~.2 
dBm 


150 
j1W 


Output Impedance 
Zo 
30 
Q 
Test Frequency 
= 
50 MHz 


DC Output Voltage 
Vode 
-4.2 
-3.1 
-2.4 
V 
PB=Oj1W 


Power Supply Current 
~ 
9 
15 
mA 
Rw..n = 


Equivalent 
N.A. 
NA 
0.35 


Equivalent 
Diameter 
DB 
324 
j1m 
, 
Note 7 • 


Dynamic Characteristics 
-40°C to +85°C; -5.45 V:-:;Supply Voltage :-:;-4.75 V; I\OAD = 511 n, 


CLOAD = 5 pF unless otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ.!J] 
Max. 
Units 
Conditions 
Reference 


RiselFall 
Time 
tr, tf 
3.3 
6.3 
DS 
PR=IOO~W 
Figure 
20 


10% to 90% 


Pulse Width Distortion 
PWD 
0.4 
2.5 
ns 
PR = 150 ~W Peak 
Note 8, 
Figure 
19 


Overshoot 
2 
% 
PR = 5 ~WPeak, 
Note 9 


t 
= 1.5 ns 
r.- 


Bandwidth 
(Electrical) 
BWe 
125 
MHz 
-3 dB Electrical 


Power Supply Rejection 
PSRR 
20 
dB 
@10MHz 
Note 10 


Ratio 


Bandwidth 
- Rise Time 
0.41 
Hz· s 
Note 11 
Product 


Note8: 


1. 2.0 mm from where leads enter case. 
2. Typical specifications 
are for operation 
at T. = 25°C and VEE= -5.2 Vdc. 


3. For 200 ~m PCS fibers, typical responsivity 
will be 6 mV/~W. Other parameters 
will change as well. 


4. Pin 112should be ac coupled to a 511 ohm load. Load capacitance 
must be less than 
5 pF. 
5. Measured 
with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. 
Recommended 
receiver 
mters 
for various bandwidths 
are provided in Application 
Bulletin 
78. 


6. Overdrive 
is defined at PWD = 2.5 ns. 


7. DRis the effective diameter 
of the detector 
image on the plane of the fiber face. The numerical 
value is the product 
of the 
actual 
detector 
diameter 
and the lens magnification. 
S. Measured 
with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude 
point of the waveform. 


9. Percent 
overshoot 
is defined as: (VPK - V'0~\ 
X 100%. 


V1ooto J 
10. Output referred P.S.R.R. is defined as 20 log 
(VPOWER8UPPLY 
RIPPLE)' 


VOTJrRIPfLE 


11. The conversion 
factor for the rise time to bandwidth 
is 0.41 since the HFBR-24X6 
has a second order bandwidth 
limiting 


characteristic. 
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Figure 
19. Typical Pulse Width 
Distortion 
vs. Peak Input 
Power 


III 
1.00 
z~ 
ffl 
0.75 
a: 


QwN 
:J 
0.50 
"~ 
0z 
0.25 


o 
400 
480 
580 
640 
720 
800 
880 
960 
1040 


A- WAVELENGTH 
- nm 


Figure 
21. Receiver 
Spectral 
Response 
Normalized 
to 820 run. 
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Figure 
18. Typical Spectral 
Noise 
Density 
vs. Frequency 
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Figure 
20. Typical Rise and Fall 
Times vs. Temperature 
I 


HEWLETT 
PACKARD 


Conductive 
Port Option 
for Low Cost Miniature 
Link Components 


Technical Data 


Features 
• Significantly 
Decreases 
Effect of Electro-magnetic 
Interference 
(EM!) on 
Receiver Sensitivity 
• Available with Both 
SMA and Threaded 
ST 
Styled Port Receivers 
• Allows the Designer to 
Separate 
the Signal and 
Conductive Port Grounds 


Description 


The conductive port option for 
the Low Cost Miniature Link 
component family consists of a 
grounding path from the con- 
ductive port to four grounding 
pins as shown in the package 
outline drawing. Signal ground 
is separate from the four 
grounding pins to give the 
designer more flexibility. This 
option is available with all SMA 
and ST panel mount styled port 
receivers. 
Electrical/optical per- 


formance of the receivers is not 
affected by the conductive port. 
Refer to the HFBR-0400 data 
sheets for more information. 


Applications 


HP recommends that the 
designer use separate ground 
paths for the signal ground and 
the conductive port ground in 
order to minimize the effects of 
coupled noise on the receiver 
circuitry. 
Ifthe designer 
notices that extreme noise is 
present on the system chassis, 
care should be taken to electri- 
cally isolate the conductive port 
from the chassis. 


In the case ofESD, the conduc- 
tive port option does not 
alleviate the need for system 
recovery procedures. A 15 kV 
ESD event entering through the 


port will not cause catastrophic 
failure for any HFBR-0400 
receivers, but may cause soft 
errors. The conductive port 
option can reduce the amount of 
soft errors due to ESD events, 
but does not guarantee 
error- 


free performance. 


Pin 
Function 


1 
Port Ground Pin 
2 
Part 
Dependent 
3 
Part 
Dependent 
4 
Port Ground Pin 
5 
Port Ground Pin 
6 
Part 
Dependent 
7 
Part 
Dependent 
8 
Port Ground Pin 


Reliability Information 
Low Cost Miniature 
Link com- 


ponents with the Conductive 
Port Option are as reliable as 
standard 
HFBR-0400 compo- 
nents. 
The following tests were 
performed to verify the me- 
chanical reliability of this 
option. 


This option is available with the 
following part numbers: 
Ordering Information 
To order the Conductive Port 
Option with a particular 
re- 


ceiver component, place a "C" 
after the base part number. For 
example, to order an HFBR- 
2406 with this option, order an 
HFBR-2406C. As another 
example, to order an HFBR- 
2416T with this option, order an 
HFBR-2416TC. 


HFBR-2402 
HFBR-2404 
HFBR-2406 
HFBR-2412T 
HFBR-2414T 
HFBR-2416T 
HFBR-2432 
HFBR-2434 
HFBR-2436 


HFBR-2442T 
HFBR-2444T 
HFBR-2446T 
HFBR-2452 
HFBR-2454 
HFBR-2456 
HFBR-2462T 
HFBR-2464T 
HFBR-2466T 


MIL-STD-8831 
Other 
Units 
Total 


Test 
Reference 
Test Conditions 
Tested 
Failed 


Temperature 
Cycling 
1010 
-55°C to +125°C 
70 
0 
Condition B 
15 min. dwell/5 min. transfer 


". 


100 cycles 


Thermal Shock 
1011 
-55°C to +125°C 
45 
0 
Condition B 
5 min. dwell/10 sec. transfer 
500 cycles 


High Temp. Storage 
1008 
TA = 125°C 
50 
0 
Condition B 
1000 hours 


Mechanical Shock 
2002 
1500 g/0.5 ms 
40 
0 
Condition B 
5 impacts each axis 


Port[2] Strength 
TA = 25°C 
6 Kg-cm no port damage 
20 
0 


Seal Dye Penetrant 
1014 
45 psi, 10 hours 
15 
0 
(Zyglo) 
Condition D 
No leakage into microelectronic cavity 


Solderability 
2003 
245°C 
10 
0 


Resistance to 
2015 
3 one min. immersion brush 
13' 
0 


Solvents 
after solvent 


Chemical Resistance 
- 
5 minutes in Acetone, Methanol, 
12 
0 


Boiling Water 


Temperature- 
- 
TA = 85°C, RH = 85% 
30 
0 
Humidity 
Biased, 500 hours 


Lead Integrity 
2004 
8 oz. wt. to each lead tested for 
16 
0 
Condition B2 
three 90° arcs of the case 


Electrostatic 
IEC-801-2 
Direct contact discharge to port, 
16 
0 
Discharge (ESD) 
0-15 kV[3] 


Notes: 
1. Tests were performed on both SMA and ST products with the conductive port option. 
2. The Port Stength 
test was designed to address the concerns with hand tightening 
the SMA connector to the fiber optic port. The 


limit is set to a level beyond most reasonable 
hand fastening 
loading. 


3. lIP has previously used an air discharge 
method to measure 
ESD; results using this method vary with air temperature 
and 


humidity. 
The direct contact discharge 
method is preferred 
due to better repeatability 
and conformance 
with lEG procedures. 


ESD immunity 
measured 
with the air discharge method is generally higher than with the direct contact discharge 
method. 
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Threaded ST Port Option 
for Low Cost Miniature 
Link Components 


Technical Data 


Features 
• Threading 
Allows ST 
Styled Port Components 
to 
be Panel Mounted 
• Compatible 
with all 
Current 
Makes of ST 
Multimode Connectors 
• Mechanical Dimensions 
are Compliant with 
Mll..-STD-83522/13 


Description 
Low Cost Miniature Link 
components with the Threaded 
ST Port Option come with 0.2 
inch (5.1mm) of 3/8-32 UNEF- 
2A threads on the port. This 
option is available with all 
HFBR-0400, ST styled port 
components. 
Components with 
this option retain the same 
superior electrical/optical and 
mechanical performance as that 
of the base HFBR-0400 compo- 
nents. 
Refer to the HFBR-0400 
data sheets for more informa- 
tion on electrical/optical per- 
formance and the HFBR-0400 
Reliability data sheet for more 
information on mechanical 
durability. 


Panel Mounting 
Low Cost Miniature Link 
components with the Threaded 
ST Port Option are suitable for 
panel mounting to chasis walls. 
The maximum wall thickness 
possible when using nuts and 
washers from the HFBR-4411 
kit is 0.11 inch (2.8mm). 


Package Outline 
Housed Product 


-I 


5"r 
1(0.20) 
t 
~ 


12.7 
~;o~ 


(0.50) 
~ 
~~ 
L- 
~fE 
':'~ 
27.2 
~(1.07) 


~ 


2'7 
I 
(0.50) 
_I 


7.1 
o 
(O.28)DIA 
I~' 
i.--- 2.54\318. "u2. 


(0.10) 
THREADING 


3.81 
(0.15)- 


PINS " 4, 5,8 


0.51 X 0.38 


(0.020 X 0.015) 


PINS 2, 3, 6, 7 


0.46 OIA 
(0.018) 
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Package Outline 
Port Product 


The HFBR-4411 kit consists of 
100 nuts and 100 washers with 
dimensions as shown in Figure 
1. These kits are available from 
HP or any authorized 
distribtor. 


Any standard 
size nut and 


washer will work, provided the 
total thickness 
of the wall, nut, 


and washer does not exceed 0.2 
inch (5.1mm). 


When preparing 
the chasis wall 
for panel mounting, use the 
mounting template in Figure 2. 
When tightening 
the nut, 
torque should not exceed 0.8 
N-m (8.0 in-Ib). 
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Ordering Information 
To order the Threaded ST Port 
Option with a particular 
compo- 


nent, place a "T" after the base 
part number. 
For example, to 
order an HFBR-2416 with this 
option, order an HFBR-2416T. 


This option is available with the 
following part numbers: 


HFBR-1412 
HFBR-1414 
HFBR-1442 
HFBR-1444 
HFBR-1462 
HFBR-1464 
HFBR-2412 
HFBR-2414 


HFBR-2416 
HFBR-2442 
HFBR-2444 
HFBR-2446 
HFBR-2462 
HFBR-2464 
HFBR-2466 


Figure 
2. Recommended 
Cut-out 
for Panel Mounting. 
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Single Chip lOBASE-FL 
Transceiver 


General Description 
The HFBR-4663 Single Chip 
10BASE-FL Transceiver is a 
highly integrated circuit for 
IEEE 802.3 10Base-FL 
transceivers. This product, 
when used with HP's fiber-optic 
transmitters 
and receivers 


(HFBR-14X4 and HFBR-2416), 
ensures 
compliance to the 
lOBase-FL Standard with a 
minimum number of external 
components and board space. 


The HFBR-4663 offers a 
standard IEEE 802.3 AU 
interface that allows it to be 
directly connected to industry 
standard manchester encoder/ 
decoder chips or an AUI 
connector. The fiber-optic LED 
driver offers a current drive 
output that directly drives the 
HFBR-14X4 transmitter. 
The 
data quantizer section of the 
HFBR-4663 is directly compat- 
ible with the output of the 
HFBR-24X6 fiber-optic receiver 
and is capable of accepting 
input signals as low as 2 mVp-p 
with a 55 dB dynamic range. 


The transmitter 
automatically 
inserts 1 MHz signal during idle 
time and removes this signal on 
reception. Low light is continu- 
ously monitored for both activity 
as well as power level. Five LED 
status indicators monitor error 
conditions as well as transmis- 
sions, receptions, and collisions. 


Features 
• Single Chip Solution 
for 
lOBASE-FL Internal 
or 
External 
Medium 
Attachment 
Units (MAUs) 
• Specifically 
Designed 
for 
Use with HFBR·14X4 and 
HFBR·24X6 Fiber-optic 
Transmitters 
and 
Receivers 
• Incorporates 
an AU 
Interface 
• Highly Stable Data 
Quantizer 
with 55 dB 
Input 
Dynamic 
Range 


• Input 
Sensitivity 
as Low as 
2mVp.p 
• Current 
Driven 
Fiber 
Optic LED Driver 
for 
Accurate 
Launch 
Power 
• Single +5 Volt Supply 
• No Crystal 
or Clock 
Required 
• Five Network 
Status 
LED 
Outputs 
• Available 
in 28 Pin PCC 
Package 
• Semi-Standard 
Option 
Available 


CAUTION: 
The small junction 
sizes inherent to the design of this component increase the component's 
suscepti· 
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken in 
handling 
and assembly of this component to prevent damage and/or 
ckgradation 
which may be induced by ESD. 
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T" 
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Pin Descripl 


Pin 
Name 


COLT 
COL- 


CrIMER 
SQEN/JABD 


Rx+ 
Rx- 


LBDIS 


9 
Vcc 
10 
Tx+ 
11 
Tx- 


12 
RTSET 


13 
RRSET 


14 
LMON 


Function 


Indicates that a collision is taking place. Active low LED driver, open collector. 
Event is extended with internal 
timer for visibility. 


Gated 10 MHz oscillation used to indicate a collision, SQE test, or jabber. 
Balanced difTerentialline 
driver outputs that meet AUI specifications. 


A capacitor from this pin to Vcc determines 
the Link Monitor response time. 


SQE Test Enable, jabber Disable. When tied low, SQE test is disabled, when tied 
high SQE test is enabled. When tied to 2.0 V both SQE test and jabber are 
disabled. 


Manchester 
encoded receive data output to the local device. Balanced 
difTerentialline 
driver outputs that meet AUI specifications. 


Loopback Disable. When this pin is tied to Vcc, the AUI transmit 
pair data is not 
looped back to the AUI receive pair, and collision is disabled. When this pin is 
tied to GND (normal operation) or left floating, the AUI transmit 
pair data is 
looped back to the AUI receiver pair, except during collision. 


+5 V power input. 


Balanced difTerentialline 
receiver inputs that meet AUI specifications. These 
inputs may be transformer 
or capacitively coupled. The Tx input pins are 
internally 
DC biased for AC coupling. 


Sets the current driven output of the transmitter. 


A 1% 61.9 kil resistor tied from this pin to Vcc sets the biasing currents 
for 


internal 
nodes. 


Link Monitor "Low Light" LED status output. This pin is pulled low when the 
voltage on the VIN+, VIN- inputs exceed the minimum threshold 
set by the VTHADJ 


pin, and there are transitions 
on V1N+,VIN- indicating an idle signal or active 
data. If either the voltage on the V1N+,VIN- inputs fall below the minimum 
threshold 
or transitions 
cease on VIN+, VIN-, LMON will go high. Active low LED 
driver, open collector. 


Pin Description (cont.) 


Pin 
Name 
Function 
Indicates that transmission 
is taking place. Active low LED driver, open 
collector. Event is extended with internal timer for visibility. 


Indicates that the transceiver 
is receiving a frame from the optical input. Active 
low LED driver, open collector. Event is extended with internal timer for 
visibility. 


+5 V supply for fiber optic LED driver. 


Fiber optic LED driver output. 


Ground Reference. 


Ground Reference. 


An external capacitor on this pin integrates 
an error signal which nulls the 
offset of the input amplifier. If the DC feedback loop is not being used, this pin 
should be connected to VREF• 


A 2.5 V reference with respect to GND. 


This input pin sets the link monitor threshold. 


Analog Filtered Ground. 


This input pin should be capacitively coupled to the input source or to filtered 
AVec. (The input resistance is approximately 
1.3 kQ.) 


This input pin should be capacitively coupled to the input source or to filtered 
AVec. (The input resistance is approximately 
1.3 kQ.) 


Analog Filtered +5 V. 


Jabber network status LED. When in the jabber state, this pin will be low and 
the transmitter 
will be disabled. In the jabber "OK" state this pin will be high. 


Active low LED, open collector. 


15 
XMT 


16 
RCV 


17 
VccTx 


18 
TxOUT 


19 
GND 


20 
GND 


21 
VDC 


22 
VREF 
23 
VTHADJ 


24 
AGND 


25 
V1N- 


26 
V1W 


27 
AVec 


28 
JAB 


Parameter 
Symbol 
Min. 
Max. 
Units 


Storage Temperature 
Ts 
-65 
+150 
C 


Operating Temperature 
TA 
0 
70 
C 
Lead Soldering Cycle 
260 
C 
Temperature 


Lead Soldering Cycle Time 
10 
see 
Power Supply Voltage Range 
Vcc 
-0.3 
6.0 
V 
Input Voltage Range 
Digital Inputs (SQEN, LBDIS) 
-0.3 
6.0 
V 
Tx+, Tx-, VIN+, VIN- 
-0.3 
6.0 
V 
Input Current 
RRSET,RTSET,JAB,CLSN, 
60 
mA 
XMT, RCV, LMON 


Output Current 
TxOUT 
70 
mA 


• 


Parameter 
Min. 
Typ. 
Max. 
Units 


Supply Voltage (Vee) 
4.75 
5.0 
5.25 
V 


LED on Current 
10 
mA 


RRSET 
61.9k±1% 
Q 


RTSET 
140± 1% 
Q 


Electrical Characteristics 
Unless otherwise 
specified, TA= O°C to 70°C, Vee = VeeTx = 5 V ± 5% [2,3] 


Parameter 
Condition 
Min. 
Typ. 
Max. 
Units 


Power Supply Current 
Ice: 
Vee = 5 V, RTSET = 140 Q[4] 
220 
mA 
While Transmitting 


LED Drivers: Vee 
IOL = 10 mA[S] 
0.8 
V 


Transmit 
Peak Output 
Current[6] 
RTSET= 
140 Q 
55 
60 
65 
mA 


Transmit 
Squelch Voltage Level 
-300 
-250 
-200 
mV 
(Tx+, Tx-) 


Differential 
Output 
Voltage 
±550 
±1200 
mV 
(Rx±, COLt) 


Common Mode Output 
Voltage 
. 
4.0 
V 
(Rx±, COLt) 


Differential 
Output 
Voltage 
±40 
mV 
Imbalance 
(Rx±, COLt) 


SQE/JABD 
SQE Test Disable 
0.3 
V 
Both Disabled 
1.5 
Vee - 2 
V 
Both Enabled 
Vee - 0.5 
V 
LBDIS Threshold 
Disabled 
Vee - 0.1 
V 
Enabled 
1 
V 
Common Mode Voltage (Tx+, Tx-) 
3.5 
V 


Common Mode Voltage (VIN+, VIN-) 
1.65 
V 
Reference 
Voltage 
2.35 
2.45 
2.55 
V 
VREF Output 
Source Current 
5 
mA 


Amplifier 
Gain 
100 
VN 
Input Signal Range 
2 
1600 
mVp.p 
External 
Voltage at VTHADJto 
0.5 
2.7 
V 
Set VTH 
Input Offset 
VDe= VREF (DC loop active) 
3 
mV 
Input Referred 
Noise 
50MHzBW 
25 
~V 
Input Resistance 
V1N+, V1W 
0.8 
1.3 
2.0 
kQ 


Input Bias Current 
OfVTHADJ 
-200 
10 
+200 
M 
Input Threshold 
Voltage 
VTHADJ= VREF[7] 
5 
6 
7 
mVp_p 


Hysteresis 
20 
% 


Symbol 
Parameter 
~ 
Min. 
Typ. 
Max. 
Units 


Transmit 


trxNPw 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


trxFpw 
Transmit 
Turn-Off 
Pulse Width from Data to Idle 
400 
2100 
ns 


trxLP 
Transmit 
Loopback Start-up 
Delay 
500 
ns 


trXODY 
Transmit 
Turn-On 
Delay 
150 
ns 


trxmF 
Transmit 
Idle Frequency 
0.85 
1.25 
MHz 


trxDC 
Transmit 
Idle Duty Cycle 
45 
55 
% 


trxSDY 
Transmit 
Steady State Propagation 
delay 
15 
50 
ns 


trxJ 
Transmit 
Jitter 
into 31 Q Load 
±1.5 
ns 


Receive 


tRXSFT 
Receive Squelch Frequency 
Threshold 
2.51 
4.5 
MHz 


tRXODY 
Receive Turn-On 
Delay 
285 
ns 


tRXFX 
Last Bit Received to Slow Decay Output 
230 
300 
ns 


tRXSDY 
Receive Steady State Propagation 
Delay 
15 
50 
ns 


tRJ(J 
Receive Jitter 
±1.5 
ns 


tAR 
Differential 
Output 
Rise Time 20% to 80% (RX±, COL±) 
4 
ns 


tAF 
Differential 
Output 
Fall Time 20% to 80% (RX±, COL±) 
4 
ns 


Collision 


tePSQE 
Collision Present 
to SQE Assert 
0 
350 
ns 


tsQEXR 
Time for SQE to Deactivate 
After Collision 
0 
700 
ns 


teLF 
Collision Frequency 
8.5 
11.5 
MHz 


teLPDC 
Collision Pulse Duty Cycle 
- 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQE) 
0.6 
1.6 
Ils 
tSQETD 
SQE Test Duration 
0.5 
1.0 
1.5 
IlS 
Jabber 
and 
LED Timing 


tJAD 
Jabber 
Activation 
Delay 
20 
70 
150 
ms 
tJRT 
Jabber 
Reset Unjab Time 
250 
450 
750 
ms 


tJSQE 
Delay from Outputs 
Disabled to Collision Oscillator 
On 
100 
ns 
tLED 
RCV, CLSN, XMT On Time 
8 
16 
32 
ms 
tLLPH 
Low Light Present 
to LMON High 
3 
5 
10 
Ils 


kLCL 
Low Light Present 
to LMON Low 
250 
750 
ms 


Notes: 
1. Absolute 
maximum 
ratings 
are limits beyond which the life of the integrated 
circuit may be impaired. 
All voltages unless 
otherwise 
specified are measured 
with respect to ground. 


2. Limits are guaranteed 
by 100% testing, 
sampling, 
or correlation 
with worst-case 
test conditions. 
3. Low Duty Cycle pulse testing 
is performed 
at TA" 


4. This does not include the current 
from the AU! pull-down resistors, 
or LED status 
otuputs. 


5. LED drivers 
can sink up to 20 mA, but VOL will be higher. 


6. Docs not include 
pre-bias 
current 
for fiber optic LED which would typically be 3 mA. 


7. Threshold 
for switching 
from Link Fail at Link Pass (Low Light). 


All. 
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System Description 
Figure 1 shows a schematic 
diagram of the HFBR-4663 in 
an internal 
or externallOBASE- 
FL MAU. On one side of the 
transceiver 
is the AU interface 
and the other is the fiber optic 
interface. The AU interface is 
AC coupled when used in an 
external transceiver 
or an 
internal 
transceiver. 
The AU 
interface for an external 
transceiver 
includes isolation 
transformers, 
some biasing 
resistors, and a voltage 
regulator for power. 


The fiber optic side of the 
transceiver 
requires an external 
fiber optic transmitter 
and fiber 
optic receiver. The transmitter 
uses a current driven output 
that directly drives the fiber 
optic transmitter. 
The receive 
side of the transceiver 
accepts 
the data after passing through a 
fiber optic receiver, which 
consists of a module containing 
a pin diode and a transimped- 
ance amplifier. 


AU Interface 
The AU interface consists of 3 
pairs of signals, DO, CI and DI 
as shown in Figure 1. The DO 
pair contains transmit 
data 
from the DTE which is received 
by the transceiver 
and sent out 
onto the fiber optic cable. The 
DI pair contains valid data that 
has been either received from 
the fiber optic cable or looped 
back from the DO and output 
through the DI pair to the DTE. 
The CI pair indicates whether a 
collision has occurred. It is an 
output that oscillates at 10 MHz 
if a collision, jabber or SQE Test 
has taken place, otherwise it 
remains idle. 


When the transceiver 
is 
external, these three pairs are 
AC coupled through isolation 
transformers, 
while an internal 
transceiver 
may be capacitively 
coupled. Tx+, Tx- is internally 
DC biased (shifted up in voltage) 
for the proper common mode 
input voltage. 


The two 39 Q 1%resistors (or 
one 78 Q 1% resistor) tied to he 
Tx+ and Tx- pins will provide 
the proper termination. 
The CI 
and DI pair, which are output 
from the transceiver 
to the AUI 
cable, require 360 Q pull down 
resistors when terminated 
with 
a 78 Q load. However on a DTE 
card, CI and DI do not need 78 
Q terminating 
resistors. This 
also means that the pull down 
resistors on CI and DI can be 
1 kQ or greater depending upon 
the particular 
Manchester 
encoder/decoder chip used. 
Using higher value pull down 
resistors as in a DTE card will 
save power. 


The AUI drivers are capable of 
driving the full 50 meters of 
cable length and have a rise and 
fall time of typically 4 ns. In the 
idle state, the outputs go to the 
same voltage to prevent DC 
standing current in the isolation 
transformers. 


Transmission 
The transmit 
function consists 
of detecting the presence of data 
from the AUI DO input (Tx+, 
Tx-) and driving that data onto 
the fiber optic LED transmitter. 
A positive signal on the Tx+ 
lead relative to the Tx- lead of 
the DO circuit will result in no 
current, hence the fiber optic 
LED is in a low light condition. 


When Tx+ is more negative 
than Tx-, the HFBR-4663 will 
sink current into the chip and 
the fiber optic LED will emit 
light. 


Before data will be transmitted 
onto the fiber optic cable from 
the AU interface, it must exceed 
the squelch requirements 
for the 
DO pair. The Tx squelch circuit 
serves the function of 
preventing 
any noise from being 
transmitted 
onto the fiber. This 
circuit rejects signals with pulse 
widths less than typically 20 ns 
(negative going), or with levels 
less than -250 mY. Once Tx 
squelch circuit has unsquelched, 
it looks for the start of idle 
signal to turn on the squelch 
circuit again. The transmitter 
turns on the squelch again 
when it receives an input signal 
at Tx+, Tx- that is more positive 
than -250 mV for more than 
approximately 
180 ns. 


At the start of a packet trans- 
mission, no more than 2 bits are 
received from the DO circuit 
and not transmitted 
onto the 
fiber optic cable. The difference 
between start-up 
delays (bit loss 
plus steady-state 
propagation 
delay) for any two packets that 
are separated 
by 9.6 ~s or less 
will not exceed 200 ns. 


Fiber Optic LED Driver 
The output stage of the trans- 
-mitter is a current mode switch 
which controls the output light 
by sinking current through the 
LED into the TxOUT pin. Once 
the current requirement 
for the 
LED is determined, 
the RTSET 
resistor is selected. The 
following equation is used to 
select the correct RTSET 


resistor: 


RTSET= ( 52 rnA) 162n 
lOUT 


The transmitter 
enters the idle 
state when it detects 
start of 
idle on Tx+ and Tx- input pins. 
After detecting 
the start of idle, 
the transmitter 
switches 
to a 1 
MHz output 
idle signal. 


The output 
current 
is switched 
through 
the TxOUT pin during 
the on cycle and the VccTx pin 
during the off cycle as shown in 
figure 2. Since the sum of the 
current 
in these two pins is 
constant, 
VccTx should be 
connected 
as close as possible to 
the Vcc connection 
for the LED. 


Ifnot 
driving an optical LED 
directly, 
a differential 
output 
can be generated 
by tying 
resistors 
from VccTx and 
TxOUT to Vcc as shown in 
Figure 3. The minimum 
voltage 
on these two pins should not be 
less than Vcc - 2 V. 


Reception 
The input to the transceiver 
comes from a fiber optic receiver 
as shown in figure 1. At the 
start of packet reception 
no 
more than 2.7 bits are received 
from the fiber cable and not 
transmitted 
onto the DI circuit. 
The receive squelch will reject 
frequencies 
lower than 2.51 
MHz. 


While in the un squelch state, 
the receive squelch circuit looks 
for the start of idle signal at the 
end of the packet. Start 
of idle 
occurs when the input signal 
remains 
idle for more than 
160 
ns. When start of idle is 
detected, 
the receive squelch 
circuit returns 
to the squelch 
state and the start of idle signal 
is output 
on the DI circuit 
(Rx+, Rx-). 


Collision 
Whenever 
the receiver and the 
transmitter 
are active at the 
same time the chip will activate 
the collision output, 
except 
when loopback is disabled 
(LBDIS = Vcc). The collision 
output 
is a differential 
square 
wave matching 
the AUI 
specifications 
and capable of 
driving a 78 n load. The 
frequency 
of the square 
wave is 
10 MHz ± 15% with a 60/40 to 
40/60 duty cycle. The collision 
oscillator 
also is activated 
during SQE Test and jabber. 


5-52 


Loopback 
The loopback function 
emulates 
a lOBASE-T transceiver 
whereby 
the transmit 
data sent 
by the DTE is looped back over 
the AUI receive pair. Some LAN 
controllers 
use this loopback 
information 
to determine 
whether 
a MAU is connected 
by 
monitoring 
the carrier 
sense 
while transmitting. 
The 
software 
can use this loopback 
information 
to determine 
whether 
a MAU is connected 
to 
the DTE by checking the status 
of carrier 
sense after each 
packet transmission. 


When data is received by the 
chip while transmitting, 
a 
collision condition 
exits. This 
will cause the collision oscillator 
to turn on and the data on the 
DI pair will follow V1N+, V1W' 
After a collision is detected, 
the 
collision oscillator 
will remain 
on until either 
DO or VIN+, V1W 
go idle. 


Loopback can be disabled 
by 
strapping 
LBDIS to Vcc. In this 
mode the chip operates 
as a full 
duplex transmitter 
and receiver, 
and collision detection 
is 
disabled. 
A loopback through 
the transceiver 
can be 
accomplished 
by tying the fiber 
transmitter 
to the receiver. 


SQE Test Function 
Signal Quality Error 
The SQE test function 
allows 
the DTE to determine 
whether 
the collision detect circuitry 
is 
functional. 
After each trans- 
mission, 
during 
the inter packet 
gap time, the collision oscillator 
will be activated 
for typically 
1 ~. The SQE test will not be 
activated 
if the chip is in the 
low light state, or the jabber 
on 
state. 


For SQE to operate, 
the SQEN 
pin must be tied to VCC• This 
allows the MAU to be interfaced 
to a DTE. The SQE test can be 
disabled 
by tying the SQEN pin 
to ground, for a repeater 
interface. 


Jabber Function 
Requirements 
The Jabber 
function 
prevents 
a 
babbling 
transmitter 
from 
bringing 
down the network. 


Within 
the transceiver 
is a 
Jabber 
timer that starts 
at the 
beginning 
of each transmission 
and resets 
at the end of each 
transmission. 
If the trans- 
mission lasts longer than 20 ms 
the jabber 
logic disables 
the 
transmitter, 
and turns 
on the 
collision signal COL+, COLo. 
When Tx+ and Tx- finally go 
idle, a second timer measures 
0.5 seconds ofidle time before 
the transmitter 
is enabled 
and 
collision is turned 
off. Even 
though the transmitter 
is 
disabled 
during jabber, 
the 
1 MHz idle signal is still 
transmitted. 


LED Drivers 
The HFBR-4663 
has five LED 
drivers. The LED driver pins 
are active low, and the LEDs 
are normally 
off (except for 
LMON). The LEDs are tied to 


their respective 
pins through 
a 
500 il resistor 
to 5 volts. 


The XMT, RCV and"CLSN pins 
have pulse stretchers 
on them 
which enable the LEDs to be 
visible. When transmission 
or 
reception 
occurs, the LED XMT, 
RCV or CLSN status 
pins will 
activate 
low for several milli- 
seconds. If another 
transmit, 
receive or collision condition 
occurs before the timer expires, 
the LED timer will reset and 
restart 
the timing. Therefore 
rapid events will leave the 
LEDs continuously 
on. The JAB 
and LMON LEDs do not have 
pulse stretchers 
on them since 
their conditions 
occur long 
enough for the eye to see. 


Low Light Condition 
The LMON LED output 
is used 
to indicate 
a low light condition. 


LMON is activated 
low when 
both the receive power exceeds 
the Link Monitor threshold 
and 
there are transitions 
on VIN+, 
Vn~-less than 3 ~ 
apart. 
If 
either 
one of these conditions 
do 
not exist, LMON will go high. 


Input Amplifier 
The V1N+, VIN- input signal is 
fed into a limiting 
amplifier 
with a gain of about 100 and 
input resistance 
of 1.3 kil. 


Maximum 
sensitivity 
is 
achieved through 
the use of a 
DC restoration 
feedback loop 
and AC coupling the input. 
When AC coupled, the input DC 


bias voltage is set by an on-chip 
network 
at about 1.7 V. These 
coupling capacitors, 
in 


conjunction 
with the input 
impedance 
of the amplifier, 
establish 
a high pass filter with 
3 dB comer frequency, 
fL, at 


1 


2lt1300C 


Since the amplifier 
has a differ- 


ential input, 
two capacitors 
of 
equal value are required. 
If the 
signal driving the input is single 
ended, one of the coupling 
capacitors 
can be tied to AVec as 
shown in Figure 
1. 


The internal 
amplifier 
has a 
lowpass filter built-in 
to band 
limit the input signal which in 
turn will improve the signal 
noise ratio. 
I 
Although 
the input is AC 
coupled, the offset voltage 
within the amplifier 
will be 
present 
at the amplifier's 
output. This is represented 
by 
Vos in Figure 4. In order to 
reduce this error a DC feedback 
loop is incorporated. 
This 
negative 
feedback 
loop nulls the 
offset voltage, forcing Vos to be 
zero. Although 
the capacitor 
on 
VDC is non-critical, 
the pole it 
creates 
can affect the stability 
of 
the feedback 
loop. To avoid 
stability 
problems, 
the value of 


.this capacitor 
should be at least 
10 times larger than the input 
coupling capacitors. 


The comparator is a high-speed 
differential zero crossing 
detector that slices and 
accurately digitizes the receive 
signal. The output ofthe 
comparator is fed in parallel 
into both the receive squelch 
circuit and the loopback MUX. 


Link. Detect Circuitry 
and Low Light 
The link detect circuit monitors 
the input signal and determines 
when the input falls below a 
preset voltage level. When the 
input falls below a preset 
voltage, the HFBR-4663 goes 
into the Low Light state. In the 
Low Light state the transmitter 
is disabled, but continues 
sending the I MHz idle signal, 
the loopback is disabled, the 
receiver is disabled and the 
LMON LED pin goes to high 
shutting off the LMON LED. To 
retum 
to the Link Pass state, 
the optical receiver power must 
be 20% higher than the shut-off 
state. This built-in hysteresis 
adds stability to the Link 
Monitor circuit. Once the 
receiver power threshold is 
exceeded, the HFBR-4663 waits 
250 ms to 750 ms, then checks 
to see that Tx+, Tx- is idle and 
no data is being received before 
re-enabling the transmitter, 
receiver, loopback circuit, and 
lighting up the LMON LED. 


The VTHADJpin is used to adjust 
the sensitivity ofthe receiver. 
The HFBR-4663 is capable of 
exceeding the 10BASE-FL 
specifications for sensitivity. 
The sensitivity is dependent on 
the layout ofthe PC board. A 
good low noise layout will 
exceed the 10BASE-FL 
specifications, while a poor 
layout will fail to meet the 
sensitivity and BER spec. 


The threshold generator shifts 
the reference voltage at VTHADJ 
through a circuit which has a 
temperature 
coefficient 
matching that of the limiting 
amplifier. The relationship 
between the VTHADJand the VTH 
(the peak to peak input 
threshold) is: 


In a 10BASE-FL receiver, there 
must be less than 1 x 10-9bit 
errors at a receive power level of 
-32.5 dBm average. One 
procedure to determine the 
sensitivity of a receiver is to 
start at the lowest optical power 
level and gradually increase the 
optical power until the BER is 
met. In this case the Link 
Detect circuit must not disable 
the receiver (i.e. VTHADJshould 
be tied to Ground). Once the 
sensitivity 
of the 
receiver 
is 
determined, VTHADJcan be set 
just above the power level that 
meets the BER specification. 
This way the receiver will shut- 
off before the BER is exceeded. 


For 10-BASE-FL, VTHADJcan be 
tied directly to VREF.However if 
greater sensitivity is required 
the circuit in Figure 5 can be 
used to adjust the VTHADJ 
voltage. Even ifVREFis tied to 
VTHADJ,it is a good idea to 
layout a board with these two 
resistors available. This will 
allow potential future adjust- 
ments without board revisions. 


The response time of the Link 
Detect circuit is set by the 
CTIMERpin. Starting from the 


link off state the link can be 
switched on if the input exceeds 
the set threshold for a time 
given by: 


CTIMERx 0.7 V 


T=·----- 


To switch the link from on to off, 
the above time will be doubled. 
A value of 0.0511F will meet the 
10BASE-FL specifications. 


Differences 
between 
lOBASE-FL and FOIRL 
10BASE-FL is an improved 
version ofthe original FOIRL 
standard. The 10BASE-FL 
standard 
allows backward 
compatibility of a 10BASE-FL 
transceiver 
with a FOIRL 
transceiver. 
The main improve- 
ments incorporated 
into 
lOBASE-FL are that it can 
attach to a DTE by adding the 
SQE test, and the distance has 
been increased from 1 km to 2 
km. The other differences are 
much more subtle. 


1. SQE Test: The FOIRL 
standard 
did not include the 
option of attaching 
a fiber 
transceiver 
to a DTE. Adding 
the SQE test to 10BASE-FL 
enables a 10BASE-FL trans- 
ceiver to attach to a DTE. 


2. 0 to at Least 
2 Km 
Distance: 
The FOIRL standard 
specifies a 1 km distance while 
10BASE-FL specifies 2 km. The 
additional 
1 km distance for 
lOBASE-FL comes from an 
increased flux budget for the 
cable of 3.5 dB. This 3.5 dB 
increase came from an increase 
of 2.5 dB sensitivity for the 
receiver and a 1 dB improve- 
ment for the transmitter. 
The 
following table illustrates 
the 
transmit 
and receive power 
requirements 
for the two 
standards. 
Note: FOIRL 
specifies optical power in peak 
and 10BASE-FL specifies it in 
average. Subtracting 
3 dB from 
peak will give the average. In 
the table below the FOIRL 
specifications were converted 
from peak to average power. 


3. MAU State 
Diagrams 
are 
Different: 
The state diagrams 
for 10BASE-FL are similar to 
10BASE-T, while the state 


diagrams for FOIRL are 
slightly different. The 
differences are in the AUI 
loopback, and in the link 
integrity function. 


AU! Loopback 
- In lOBASE- 
FL the DO to DI loopback is 
always disabled during a 
collision, and optical receive 
data is passed through to DI. 
For FOIRL there are some 
cases where loopback continues 
(i.e. DO looped to DI) during a 
collision, and others where 
loopback is disabled during a 
collision. 10BASE-FL is 
identical to 10BASE-T in this 
case. Please refer to the IEEE 
standards 
for greater detail. 


Link Integrity 
- lOBASE-FL 
adds an additional 
state to the 
Link Integrity Test function 
that will not allow an exit from 
the Low Light State until both 
the transmitter 
and receiver are 
idle. In FOIRL, it is possible to 
exit from the Low Light State 
while still receiving data. 


MAU Timing 
Differences 
- 
The timing differences between 
10BASE-FL and FOIRL relate 
to propagation 
delays, start-up 
delays, and collision deassert 
delays. The following table 
provides the details ofthese 
parameters. 


Timing 
FOIRL 
10BASEFL 
Parameter 
Differences 
(BIT Times) 
(BIT Times) 


ORD input 
to input 
on DI 
Steady State Prop Delay 
0.5 
2 


Start-Up Delay 
3.5 
5 


Output 
on DO to OTD_output 
Steady State Prop Delay 
0.5 
2 


Start-Up Delay 
3.5 
5 


Collision 
Deassert 
to 
SQE Deassert 
minimum 
4.5 
0 


TransmitlReceive 
Average 
Power 
Min. 
Max. 
Conditions 


FOIRL 
. 


Transmitter 
-12 dBm 
-21 dBm 


Receiver 
-12 dBm 
-30 dBm 
BER < 10-10 


lOBASE-FL 


Transmitter 
-12 dBm 
-20 dBm 


Receiver 
-12 dBm 
-32.5 dBm 
BER< 10-9 


OTD - Optical 
Transmit 
Data 
ORD - Optical 
Receive 
Data 
DI, DO, CI • AU Interface 
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1300 nm Fiber Optic 
Transmitter and Receiver 


Features 
• Low Cost Fiber 
Optic Link 
• Signal 
Rates 
over 
155 
Megabaud 
• 1300 DID Wavelength 
• Link Distances 
over 5 km 
• Dual-in-line 
Package 
Panel-Mountable 
ST* 
Connector 
Receptacles 
• Auto-Insertable 
and Wave- 
Solderable 
• Specified 
with 62.5/125 ~ 
and 50/125 ~ 
Fiber 
• Compatible 
with HFBR- 
0400 Series 


Applications 
• Low Cost FDDI Links 
• Desktop 
Links 
for High 
SpeedLANs 
• Distance 
Extension 
Links 
• Telecom 
Switch 
Systems 
• TAXlchipfi 
Compatible 


Description 
The HFBR-0300 Series is 
designed to provide the most 
cost-effective 1300 nm fiber 
optic links for a wide variety of 
data communication 
applica- 


tions from low-speed distance 
extenders up to SONET OC-3 
signal rates. The optical 
performance of the transmitter 
and receiver are compatible 
with the specifications of the 
FDDl Low Cost PMD. Pinouts 
identical to Hewlett-Packard 
HFBR-0400 Series allow 
designers to easily upgrade 
their 820 nm links for farther 
distance. The transmitter 
and 
receiver are compatible with 
two popular optical fiber sizes: 
50/125 Ilm and 62.51125 Ilm 
diameter. This allows flexibility 
in choosing a fiber size. The 
1300 nm wavelength is in the 
lower dispersion and attenua- 
tion region of fiber, and provides 
longer distance capabilities than 
820 nm LED technology. Typical 
distance capabilities 
are 2 km at 
125 MBd and 5 km at 32 MBd. 


Transmitter 
The HFBR-1312T fiber optic 
transmitter 
contains a 1300 nm 
InGaAsP light emitting diode 
capable of efficiently launching 
optical power into 50/125 Ilm 
and 62.51125 Ilm diameter fiber. 
The HFBR-1312T is compatible 


HFBR-0300 Series: 
HFBR-1312T Transmitter 
HFBR-2316T Receiver 


with the electro-optical specifi- 
cations of the ANSI X3T9.5 
Low-Cost PMD when used with 
the appropriate 
LED driver 
circuit. Converting the interface 
circuit from a HFBR-14XX 820 
nm transmitter 
to the HFBR- 
1312T requires only the removal 
of a few passive components. 


Receiver 
The HFBR-2316T receiver 
contains an InGaAs PIN 
photodiode and a low-noise 
transimpedance 
preamplifier 
that operate in the 1300 nm 
wavelength region. The HFBR- 
2316T receives an optical signal 
and converts it to an analog 
voltage. The buffered output is 
an emitter-follower, 
with 


• 


HFBR·1312T 
Transmitter 


PIN 
FUNCTION 


1t 
N.C. 


2 
ANODE 
3 
CATHODE 
4 
N.C. 


5t 
N.C. 
• 
ANODE 
.,. 
N.C • 


8t 
N.C. 


• PIN 115 ELECTRICALLY 
ISOLATED 
FROM 
PINS 1, 4, 5, AND 8, BUT IS CONNECTED 
TO THE HEADER. 


t PINS 1, 4, 5, AND 8 ARE ISOLATED 
FROM 
THE 
INTERNAL 
CIRCUITRY. 
BUT 
ARE 
ELECTRICALLY 
CONNECTED 
TO EACH 
OTHER. 


frequency 
response 
from DC to 
typically 
125 MHz. Low-cost 
external 
components 
can be 
used to convert the analog 
output 
to logic compatible 
signal 
levels for a variety 
of data 
formats 
and data rates. The 
HFBR-2316T 
is compatible 
with 
the electro-optical 
specifications 
of the ANSI X3T9.5 Low-Cost 
PMD when used with the 
appropriate 
interface 
circuitry. 


The HFBR-2316T 
is pin 
compatible 
with HFBR-24X6 
receivers 
and can be used to 
extend the distance 
of an 
existing application 
by sub- 
stituting 
the HFBR-2316T 
for 
the HFBR-2416. 


HFBR·2316T 
Receiver 


~~ 


: 
::LOG 
_ 
SIGNAL 


---- 
37 
VEe 


PIN 
FUNCTION 
1t 
N.C. 


2 
SIGNAL 


3" 
V 
4t 
N.C. 


5 
N.C. 
•.,. 
V E 
8t 
N.C. 


• PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED 
TO THE 
HEADER. 


t PINS 1,4, 5. AND 8 ARE ISOLATED 
FROM 
THE 
INTERNAL 
CIRCUITRY, 
BUT ARE 
ELECTRICALLY 
CONNECTED 
TO EACH 
OTHER. 


Package Information 
HFBR-0300 
Series transmitters 
and receivers 
are housed is a 
dual-in-line 
package made of 
high strength, 
heat resistant, 
chemically 
resistant, 
and UL 
V-Oflame retardant 
plastic. 


Transmitters 
are identified 
by 
the brown port color; receivers 
have black ports. The package 
is 
auto-insertable 
and wave 
solderable 
for high volume 
production 
applications. 


Note: The "T" in the product 
numbers 
indicates 
a Threaded 
ST connector (panel mountable), 
for both transmitter 
and 
receiver. 


HFBR-0300 Series 
Mechanical Dimensions 


h 


5 


• 
OS 


[ 
(0.199) 


J- 
3.81 
(0.150) 


~.~~~.~:~ 
~~ 
(0.020 
X 0.015) 
OMolD 


PINS 2,3,6,7 
NO •.•• 


(g.:S) OIA 
- 


PIN NO. 1 
INDICATOR 


Handling and Design 
Information 
When soldering, 
it is advisable 
to leave the protective 
cap on 
the unit to keep the optics clean. 
Good system performance 
requires 
clean port optics and 
cable ferrules 
to avoid 
obstructing 
the optical path. 
Clean compressed 
air is often 
sufficient 
to remove particles 
of 
dirt; methanol 
on a cotton swab 
also works well. 


or ~' 


14.27 
TYP. 


~)DIA. 


10.41 
MAX. 
'L 
WASHER 
(0.410) CIA. 
--f 
0.46 


(0.018) 


NOTE: ALL 
DIMENSIONS 
IN MILlIMETRES 
AND (INCHES). 


INTERNAL 
TOOTH 
LOCK WASHER 


Panel Mounting 
Hardware 
The HFBR-4411 kit consists of 
100 nuts and 100 washers 
with 
dimensions 
as shown in Figure 
1. These kits are available 
from 
HP or any authorized 
distrib- 


utor. Any standard 
size nut and 
washer 
will work, provided the 
total thickness 
of the wall, nut, 
and washer 
does not exceed 0.2 
inch (5.1mm). 


When preparing 
the chassis 
wall for panel mounting, 
use the 
mounting 
template 
in Figure 2. 
When tightening 
the nut, torque 
should not exceed 0.8 N-m (8.0 
in-Ib). 


Figure 2. Recommended Cut-out for 
Panel Mountinc. 


Recommended 
Chemicals for Cleaning! 
Degreasing HFBR·0300 
Products 
Alcohols (methyl, 
isopropyl, 
isobutyl) 
Aliphatics 
(hexane, heptane) 
Other (soap solution, naphtha) 


Do not use partially 
halogenated 
hydrocarbons 
(such 
as 1.1.1 trichloroethane), 
ketones 
(such as MEK), acetone, 
chloroform, 
ethyl acetate, 
methylene 
dichloride, 
phenol; 


methylene 
chloride, or N· 
methylpyrolldone. 
Also, HP does 
not recommend 
the use of 
cleaners 
that use halogenated 
hydrocarbons 
because 
of their 
potential 
environmental 
harm. 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
85 
°C 


Operating 
Temperature 
TA 
-40 
85 
°C 


Lead Soldering 
Cycle 
260 
°C 
Temperature 
Note 8 


Lead Soldering 
Cycle Time 
10 
sec 


Forward 
Input Current 
DC 
IFDc 
100 
mA 


Reverse Input Voltage 
Va 
1 
V 


CAUTION: 
The small junction 
sizes inherent 
to the design of this bipolar component 
increase the component's 
susceptibility 
to damage 
from electrostatic 
discharge 
(ESD). It is advised 
that normal 
static preeaution.8 
be taken 
in handling 
and assembly 
of this component 
to prevent 
damage 
and Ior degradation 
which may be induced 
by 
ESD. 


HFBR-1312TTransmitter 
Electrical/Optical 
Characteristics 
o to 70°C unless otherwise 
specified 


Parameter 
Symbol 
Min. 
Typ.(l) 
Max. 
Unit 
Condition 
Ref. 


Forward 
Voltage 
VF 
1.1 
1.4 
1.7 
V 
IF = 75 mA 
Fig. 1 


1.5 
IF= 100mA 


Forward 
Voltage 
t.VF/t.T 
-1.5 
mVioC 
IF = 75 -100 mA 


Temperature 
Coefficient 


Reverse Input Voltage 
VR 
1 
4 
V 
IR= 100~ 


Center 
Emission 
Ac 
1270 
1300 
1370 
nm 
Wavelength 


Full Width Half Maximum 
FWHM 
130 
185 
nm 


Diode Capacitance 
Cr 
16 
pF 
VF = 0 V, f = 1 MHz 


Optical Power Temperature 
t.PTlt.T 
-0.03 
dB/oC 
IF=75-100mADC 


Coefficient 


Thermal 
Resistance 
8JA 
260 
°CIW 
Note 2 


HFBR-1312TTransmitter 
Output Optical Power and Dynamic 
Characteristics 


Condition 


Parameter 
Symbol 
Min. 
Typ.I1] 
Max. 
Unit 
TA 
IF,peak 
Ref. 


Average Power 
-19.0 
-17.0 
-15.5 
dBm 
25°C 
75mA 
Notes 


62.5/125 ~m 
-20.5 
-14.5 
0-70°C 
75mA 
3,4,5 


NA=0.275 
PT62 
-18.5 
-16.5 
-15.0 
25°C 
100mA 
Fig. 2 


-20.0 
-14.0 
0-70°C 
100mA 


Average Power 
-22.5 
-20.0 
-17.5 
dBm 
25°C 
75mA 
Notes 


50/125 ~m 
-24.0 
-16.5 
0-70°C 
75mA 
3,4,5 
NA=0.20 
PT50 
-22.0 
-19.5 
-17.0 
25°C 
100mA 
Fig. 2 


-23.5 
-16.0 
0-70°C 
100mA 


Optical Overshoot 
OS 
5 
10 
% 
0-70°C 
75mA 
Note 6 
Fig. 3 


Rise Time 
t,. 
1.8 
4.0 
ns 
0-70°C 
75mA 
Note 7 
Fig. 3 


Fall Time 
tr 
2.2 
4.0 
ns 
0-70°C 
75mA 
Note 7 
Fig. 3 


Notes: 
1. Typical data are at TA = 25"<:. 
2. Thermal resistance is lIlIlasured with the transmitter 
coupled to a connector all8l!mblyand mounted on a printed circuit board; 
8Jc<8JA• 
3. Optical power is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST* precision 
ceramic ferrule (MIL..STD-83522113),which approximates a standard test connector. Average power measurements 
are made at 
12.5 MHz with a 5O'll>duty cycle drive current of 0 to IF,peak;Ip••••••••= 1p,,.uI2. Peak optical power is 3 dB higher than average 
optical power. 
4. When changing from llW to dBm, the optical power is referenced to 1 mW (1000 llW). 


Optical power P(dBm) = 10·Iog{P(v.WY1000J1W). 
5. Fiber NA is measured at the end of 2 meters of mode stripped fiber using the far-field pattern. NA is defined as the sine ofthe 
half angle, determined at 5% ofthe peak intensity point. When using other manufacturer's 
fiher cable, results will vary due to 
differing NA values and test methods. 
6. Overshoot is measured as a percentage ofthe peak amplitude of the optical waveform to the 100% amplitude level. The 100% 
amplitude level is determined at the end of a 40 ns pulse, 50% duty cycle. This will ensure that ringing and other noise sources 
have been eliminated. 


7. Optical rise and fall times are measured from 10%to 90% with 62.51125 J1m fiber. LED response time with recommended test 
circuit (Figure 3) at 25 MHz, 50% duty cycle. 
8. 2.0 mm from where leads enter case. 
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Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
85 
~C 
, 


Operating 
Temperature 
TA 
-40 
+85 
°C 


Lead Soldering 
Temperature 
260 
°C 
Note 1 
Cycle Time 
10 
S 


Signal Pin Voltage 
Vo 
-0.5 
Vee 
V 


Supply Voltage 
. 
;; 
Vee - VEE 
-0.5 
6.0 
V 
Note 2 


Ouptut 
Current 
10 
25 
mA 


CAUTION: 
The small junction 
sizes inherent to the design of this bipolar component increase the component's 
susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken 
in handling 
and assembly of this component to prevent damage and/or 
degradation 
which may be induced by 
ESD. 


HFBR-2316T Receiver ElectricalJOptical and Dynamic Characteristics 
o to 70°C; 4.75 V < Vee - VEE < 5.25 V; power supply must 
be filtered 
(see note 2). 


Parameter 
Symbol 
Min. 
Typ.IS) 
Max. 
Unit 
Condition 
Ref. 


Responsitivity 
Rp 
6.5 
13 
19 
mV/~W 
Ap = 1300 nm, 50 MHz 
Note 4 
Fig. 1,5 


RMS Output 
Noise 
VNO 
0.4 
0.59 
mVRMS 100 MHz bandwidth, 
Note 5 
Voltage 
PR=O~W 
Fig. 2 


1.0 
mVRMS Unfiltered 
Bandwidth 
PR=O~W 


Equivalent 
Optical 
PN,RMS 
-45 
-41.5 
dBm 
@ 100 MHz, PR = 0 ~W 
Note 5 
Noise Input Power 
0.032 
0.071 
~W 
(RMS) 


Peak Input Optical 
PR 
-11.0 
dBm 
50 MHz, 1 ns PWD 
Note 6 
Power 
80 
~W 
Fig. 3 


Output 
Resistance 
Ro 
30 
Ohm 
f= 50 MHz 


DC Output 
Voltage 
VO,DC 
0.8 
1.8 
2.6 
V 
Vee = 5 V, VEE = 0 V 
PR=O~W 


Supply Current 
Ice 
9 
15 
mA 
RWAD 
=00 


Electrical 
Bandwidth 
BWE 
75 
125 
MHz 
-3 dB electrical 
Note 7 


Bandwidth 
* Rise 
0.41 
Hz *s 
Time Product 


Electrical 
Rise, Fall 
1;,.,4- 
3.3 
5.3 
ns 
PR = -15 dBm peak, 
Note 8 
Times, 
10-90% 
@50MHz 
Fig. 4 


Pulse-Width 
PWD 
0.4 
1.0 
ns 
PR = -11 dBm, peak 
Note 6,9 
Distortion 
Fig. 3 


Overshoot 
2 
% 
PR = -15 dBm, peak 
Note 10 


Notes: 
1. 2.0 mm from where leads enter 
case. 
2. The signal output 
is referred 
to Vcc, and does not reject noise from the Vcc power supply. Consequently, 
the Vcc power supply 
must be filtered. 
The recommended 
power supply is +5 V on Vcc for typical usage with +5 V ECL k>gic. A -5 V power supply on 
Vo is used for test purposes 
to minimize 
power supply noise. 
3. Typical specifications 
are for operation 
at TA = 25°C and Vcc = +5 Voc. 
4. The test circuit 
layout should be in accordance 
with good high frequency 
circuit 
design techniques. 


5. Measured 
with a 9-pole "brick wall" low-pass 
filter [Mini-Circuits™, 
BIP-100*j 
with -3 dB bandwidth 
of 100 MHz. 
6. -11.0 dBm is the maximum 
peak input optical power for which pulse-width 
distortion 
is less than 
1 ns. 
7. Electrical 
bandwidth 
is the frequency 
where the responsivity 
is -3 dB (electrical) 
below the responsivity 
measured 
at 50 MHz. 
8. The speci1led rise and fall times are referenced 
to a fast square 
wave optical source. Rise and fall times 
measured 
using 
an 
LED optical source with a 2.0 ns rise and fall time (such as the HFBR-1312T) 
will be approximately 
0.6 ns longer than 
the 
specified rise and fall times. E.g.: measured 
tr,r:: [(specifled 
triP 
+ (test source optical tr,r)2jltl. 
9. 10 ns pulse width, 
50% duty cycle, at the 50% amplitude 
point of the waveform. 


10. Percent 
overshoot 
is dermed as: «VPK - Vlry;yr,)IVl~ 
x 100% . The overshoot 
is typically 
2% with an input optical 
rise time 
~ 1.5 ns. 


11. The bandwidth*risetinte 
product 
is typically 
0.41 because 
the HFBR-2316T 
has a second-order 
bandwidth 
limiting 
characteristic. 
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Technical Data 


Features 
• Full Compliance 
with 
FDDI PMD Standard 
• Multisourced 
Package 
Style with: 
- 2X 11 Pins 
- User Installable 
Key 
• Available 
with Either 
Metal or Plastic 
Media 
Interface 
Connectorl 
Receptacle 
• Suitable 
for Use in 
Equipment 
Regulated 
for: 
- VCCI Class 2, CISPR 22B, 
CENELEC 
55022B and 
FCC Class B 


- Immunity 
to EMIIRFI 


- Immunity 
to ESD 
• Wavesolder 
and Aqueous 
Wash Compatible 
• Single +5 V Power Supply 
• Shifted ECL Logic 
Interface 
Directly 
Compatible 
with FDDI 
PHY Circuits 
• Compatible 
with 
TAXIchipTM*Encodel 
Decode Circuits 


*TAXIchip'" 
is a trademark 
of 


Advanced 
Micro Devices, 
Inc. 


Applications 
• FDDI Single or Dual 
Attachment 
Stations 
• Local ATM Interfaces 
at 
125 MBd, 140 MBd, 155 MBd 
• Fiber Channel 
Interfaces 
at 133 MBd 
• Proprietary 
Interfaces 


Description 
The FDDI transceiver 
described 
in this data sheet is a member 
of a growing family of 1300 nm 
technology 
fiber optic products 
available 
from Hewlett- 
Packard. 
FDDI is an acronym 
for the Fiber Distributed 
Data 
Interface 
local area network 
standard. 
This FDDI transceiv- 
er product 
supplies the perform- 
ance necessary 
for the system 
designer 
who seeks to develop 
equipment 
with fully compliant 
FDDI interfaces 
per the FDDI 
Physical 
Layer Medium 
Dependent 
CPMD) standard. 


This standard 
has been 
approved 
as an International 
Standard, 
ISOIIEC 9314-3, and 
an American 
National 
Standard, 
ANSI X3.166-1990. 
The performance 
of this 
Hewlett-Packard 
transceiver 
is 
guaranteed 
over the operating 


HFBR-5101 
11~HFBR-5102 


temperature 
and power supply 
voltage ranges 
found in most 
commercial 
equipment. 


Sufficient 
margin 
exists over 
the FDDI PMD requirements 
to 
allow for substantial 
equipment 
mission-life 
and configuration 
flexibility. 


Hewlett-Packard 
is a vertically 
integrated 
supplier. 
The 
1300nm LED and PIN devices 
along with the three custom 
bipolar integrated 
circuits 
(lCs) 


used in these products 
have 
been developed 
and manufac- 
tured by Hewlett-Packard. 
The 
transceiver 
assembly 
and 
testing 
is performed 
in facilities 
wholly-owned 
and operated 
by 
Hewlett-Packard. 
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1. 
ALL 
DIMENSIONS 
ARE 
INCHES 
OYER 
(MILLIMETERS). 


2. 
ALL 
DIMENSIONS 
ARE 
NOMINAL 
UNLESS 
OTHERWISE 
SPECIFIED. 


3. 
THE 
LEADS 
ARE 
SOlDER 
PlATED 
PHOSPHOR 
BRONZE. 


4. 
THE 
POSTS 
ARE 
GOLD 
PlATED 
STAINLESS 
STEEL 


5. 
THE 
HOUSING 
IS NICKEL 
PlATED 
ALUMINUM, 


e. 
THE 
MODULE 
IS SHOWN 
WITHOUT 
THE 
AElO 
KEY 
INSTALLED. 


7. 
THIS 
DOTIED 
UHf 
INDICATES 
THE BEGINNING 
OF THE 
PLASTIC MlClR ON PART IHFBR·S10:Z. 


Transmitter 
Section 
The transmitter 
section of the 
FOOl transceiver 
uses a 
1300 nm InGaAsP 
LED and a 
single custom silicon bipolar 
LED driver integrated 
circuit. 
The LED has an integral 
etched 
lens that provides 
efficient 
coupling to multimode 
fibers 
when combined with the 
Hewlett-Packard 
custom optical 
subassembly. 
The driver circuit 
provides temperature 
compen- 
sation for a predictable 
output 
optical power over the recom- 
mended 
operating 
temperature 
range. It also maintains 
a 
steady power supply current 
due to internal 
loads which 
conduct the LED drive current 
when logic "O"s are being trans- 
mitted 
to minimize 
creation 
of 
high frequency 
noise on power 
supply lines. The data input to 


the transmitter 
section is 
differential, 
lOOK ECL com- 
patible, 
referenced 
(shifted) to 
operate 
from a +5 volt supply. 


Receiver Section 
The receiver section of the FOOl 
transceiver 
uses a 1300 nm 
InGaAs PIN photodiode 
and two 
custom silicon bipolar inte- 
grated 
circuits. The PIN is a 
planar 
top-illuminated 
device 
which provides ease of assembly 
into the Hewlett-Packard 
custom optical subassembly. 
The preamplifier 
IC is mounted 
in the optical subassembly 
with 
the PIN detector 
to maximize 
the receiver sensitivity. 
This 
sensitivity 
is guaranteed 
over a 
wide time-window 
in the data 
output 
eye-pattern. 
The second 
Ie, a quantizer, 
provides the 
final pulse shaping for the logic 
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output and the Signal Detect 
function. Both the Data and 
Signal Detect logic outputs are 
differential, 
lOOKECL com- 
patible, referenced (shifted) to a 
+5 volt power supply. 


A strong attribute 
of the receiv- 
er section of this transceiver 
is 
the ability to provide excellent 
sensitivity over a wide output 
data eye-opening. A wide win- 
dow time-width 
(eye-opening) 
that results in only a small 
sensitivity change from the 
center symbol time-position 
relaxes strict timing require- 
ments on the FDDI PHY clock 
recovery circuitry. The receiver 
sensitivity is guaranteed 
over a 
wide 4.6 ns window time-width 
under minimum input jitter 
conditions. This wide window 
time-width 
ensures that under 
maximum FDDI PMD worst 
case Active Input Interface 
peak-to-peak jitter conditions of 
DCD (1.0 ns), DDJ (1.2 ns), and 
RJ (0.76 ns), the receiver will 
maintain 
a minimum 2.13 ns 
window time-width 
for a clock 
recovery circuit per the example 
in the FDDI PMD Annex E. 
Receiver tests using a wider 
window time-width 
opening 
along with corresponding 
smaller input jitter conditions 


are equivalent to testing with 
the larger worst case FDDI 
PMD input jitter conditions, 
and the minimum window 
time-width 
of2.13 ns. Please 
read Note 17 for a detailed 
explanation. 


When only small sensitivity 
changes occur over a wide 
window time-width, the clock 
recovery circuit can exhibit 
larger static alignment 
error 
(a time offset from true center 
symbol position) plus more data 
dependent and random clock 
jitter and still maintain 
the 
FDDI PMD error rate require- 
ments. Figure 9 illustrates 
the 
typical tradeoff of available 
window time-width versus 
sensitivity penalty. Designers 
can tradeoff for less clock 
recovery performance with little 
loss of sensitivity in this 
Hewlett-Packard 
receiver. 


Package 
The overall package concept for 
the Hewlett-Packard 
FDDI 
transceiver 
consists ofthree 
basic elements; the optical 
subassemblies, 
the electrical 
subassembly, 
and the housing 
with integral FDDI Media 
Interface Connector Receptacle 


(MICIR). The objective of the 
design is to provide consistent 
optoelectronic performance 
in 
commercial equipment 
environments 
over extended 
equipment 
mission- lifetimes. 
The two versions provide design 
flexibility for different chassis 
grounding schemes. Two 
versions of the transceiver 
are 
available: 
• The HFBR-5102 is 
constructed 
with a non- 
conductive plastic MICIR 
mated to an aluminum 
case 
for the electrial subassembly. 
See Figure 1 for the outline 
drawing. This part is intended 
for use in equipment 
designs 
where separation 
is desired 
between the system signal 
ground and the chassis 
ground. The plastic MICIR 
provides this ground isolation. 
The low emissions signature 
of the HFBR-5102 makes it 
compatible with VCCI Class 2, 
CISPR 22B, CENELEC 
55022B and FCC Class B EMI 
Regulations. 


• The HFBR-5101 is an all 
aluminum 
package part 
including the MICIR. See 
Figure 1 for the outline 
drawing. The HFBR-5101 has 


• 


a low electromagnetic 
emissions signature 
but can 
be used in conjunction with 
conductive gasketing to the 
equipment 
chassis to form an 
EMI shield. This shield can 
prevent emissions generated 
inside the equipment from 
leaking outside. 


The package is mechanically 
attached to the designer's 
circuit board by wave-soldered 
posts that eliminate the need 
for secondary operations which 
screw or rivet the device to the 
board. Two holes are provided 
in the bottom of the package for 
those circuit board applications 
where additional, 
or alternate, 
mechanical 
attachment 
is 
desired. 


The optical subassemblies 
contain the 1300 nm LED 
(transmitter 
section) and the 
1300 nm PIN with preamplifier 
IC (receiver section). Both 
transmitter 
and receiver optical 
subassemblies 
are hermetically 
sealed. These optical sub- 
assemblies are actively aligned 
to optical elements in the 
ferrule-bores. 
This active align- 
ment provides optimal optical 
coupling for both the transmit- 
ter and receiver functions. 


The electrical subassembly 
contains the driver and 
quantizer 
integrated 
circuits 
along with various surface- 
mounted passive components. 
This electrical subassembly 
provides optimum electrical 
performance with good noise 
immunity. 


The housing for the electrical 
subassembly is aluminum with 
nickel plating. Aluminum is 
used for its excellent thermal 
conductivity which maintains 
the junction temperatures 
of the 
active semiconductors 
at low 
levels for high reliability and 
long mission-life. The optical 
subassemblies 
with their 
precision connector ferrule- 
bores are attached to the 
electrical subassembly and 
aligned to the MICIR. Electrical 
and optical subassembly 
signal 
grounds are connected to the 
aluminum housing for 
maximum shielding. 


The optical ports in the MICIR 
are covered with an easily 
removable, high temperature, 
protective plug to prevent con- 
tamination 
during wave solder 
assembly of circuit boards and 
for shipment to end-user sites. 


This package is compatible with 
normal wave solder and 
aqueous wash assembly proce- 
dures used in the industry 
today. 


The transceiver 
is delivered in a 
specially designed shipping 
container to protect the part 
from mechanical or ESD 
damage during shipment 
or 
storage. 


Product Reliability 
Data 
Various environmental 
and life 
tests are performed on these 
products on an ongoing basis. 
Contact your local 
Hewlett-Packard 
sales repre- 


sentative 
to obtain copies of the 
latest test summaries 
as they 
become available. 


Ordering Information 
The Hewlett-Packard 
FDDI 
Transceivers 
are available pack- 
aged with key inserts per Table 
1. The all metal HFBR-5101 
directly replaces the HFBR- 
5125 transceiver 
per Table 1, 
and the HFBR-5102 is identical 
to the HFBR-5101 except for the 
plastic MICIR. 


Transceiver 
Transceiver 
MetalMICIR 
Plastic 
MICIR 


Transceiver 
with a set of 4 
HFBR-51Ol 
Option ALL 
HFBR-5102 
Option ALL 
key inserts 
(A, B, M and S) 
(Replaces HFBR-5l25 
Option ALL) 


Transceiver 
with no key 
HFBR-5l0l 
Option OFN 
HFBR-5102 
Option OFN 
inserts 
included 


Transceiver 
with A key installed 
HFBR-5l0l 
Option OFA 
HFBR-5l02 
Option OFA 


Transceiver 
with B key installed 
HFBR-51Ol 
Option OFB 
HFBR-5l02 
Option OFB 


Transceiver 
with M key installed 
HFBR-51Ol 
Option OFM 
HFBR-5102 
Option OFM 


Transceiver 
with S key installed 
HFBR-51Ol 
Option OFS 
HFBR-5l02 
Option OF'S 


Bag of 50 bags of 4 key inserts 
HFBR-ABMS 


(A, B, M, and S) 
, 


Bag of 100 A key inserts 
HFBR-OOOA 


Bag of 100 B key inserts 
HFBR-OOOB 


Bag of 100 M key inserts 
HFBR-OOOM 


Bag of 100 S key inserts 
HFBR-OOOS 


Figure 4 shows the key inserts 
which are black plastic parts 
with an identifying 
key letter 
code molded into the top surface 
of each key. 


NOTES: 
1. ALL KEY INSERTS 
MATE WITH KEYHOLE 
IN TOP OF 


TRANSCEIVER 
SHOWN IN FIGURE 1. 


2. ALL KEY INSERTS 
ARE BLACK 
PLASTIC. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-40 
100 
°C 


Operating 
Temperature-Ambient 
TA 
-10 
80 
°C 
Note 1 


Lead Soldering 
Temperature 
TsoLD 
270 
°C 


Lead Soldering 
Time 
tsoLD 
4 
sec. 


Supply Voltage 
Vcc 
-0.5 
7.0 
V 
Note 2 


Data Input Voltage 
VI 
-0.5 
Vcc 
V 


Differential 
Input Voltage 
VD 
1.4 
V 
Note 3 


Output 
Current 
10 
50 
mA 
Note 4 


CAUTION: 
It is advised 
that normal static precautions 
be taken in handling 
and assembly 
of this 
component 
to prevent 
damage and / or degradation 
which may be induced by electrostatic 
discharge 
(ESD). 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Operating 
Temperature-Ambient 
TA 
0 
70 
°C 
Note 1 


Supply Voltage 
Vcc 
4.75 
5.25 
V 
Note 2 


Supply Voltage - ECL Driver 
VCCA 
4.75 
5.25 
V 
Note 2 


Supply Voltage - PIN 
VPD 
4.75 
5.25 
V 
Note 2 


Data Input Voltage - Low 
\'JL- Vcc 
-1.810 
-1.475 
V 


Data Input Voltage - High 
VIH- Vcc 
-1.165 
-0.880 
V 


Data and Signal Detect Output 
Load 
RL 
50 
n 
Note 5 


Signaling 
Rate 
f. 
10 
125 
MBd 
Note 6 


Figures 
5, 6 


Transmitter 
Electrical 
Characteristics 
(TA = O°C to 70°C, VfX = 4.75 V to 5.25 V) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Supply Current 
Ice 
170 
240 
mA 
Note 7 


Power Dissipation 
PDlSS 
0.85 
1.2 
W 
Note 7 


Threshold 
Voltage 
VBB- Vee 
-1.420 
-1.240 
V 
Note 8 


Data Input Current 
- Low 
IlL 
-350 
~ 


Data Input Current 
- High 
IIH 
350 
~ 


Transmitter 
Optical 
Characteristics 
(TA = O°C to 70°C, VfX = 4.75 V to 5.25 V) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Output 
Optical Power 


62.51125 ~m, NA = 0.275 Fiber 
Po 
-18.5 
-16.2 
-14 
dBm avg 
Note 9 


Output 
Optical Power 
61'0 
-0.015 
-0.02 
dB/oC 
Temperature 
Coefficient 
~T 


Optical Extinction 
Ratio 
0.01 
1.0 
% 
Note 10 
-40 
-20 
dB 


Center Wavelength 
~ 
1270 
1320 
1380 
nm 
Note 11 
Figure 
7 


Spectral 
Width - FWHM 
M 
140 
170 
nm 
Note 12 
Figure 
7 


Optical Rise Time 
t,. 
0.6 
1.3 
3.0 
ns 
Note 13 
Figures 
7, 8 


Optical Fall Time 
tr 
0.6 
2.0 
3.0 
ns 
Note 13 
Figures 
7, 8 


Duty Cycle Distortion 
DCD 
0.13 
0.4 
ns pk-to-pk 
Note 14 
Contributed 
by the Transmitter 


Data Dependent 
Jitter 
DDJ 
0.20 
0.6 
ns pk-to-pk 
Note 15 
Contributed 
by the Transmitter 


Random Jitter 
RJ 
0.01 
0.69 
ns pk-to-pk 
Note 16 
Contributed 
by the Transmitter 
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Receiver Section 
Receiver Optical Characteristics 
(TA = O°C to 70°C, Vcc = 4.75 V to 5.25 V) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Input Optical Power 
Minimum 
at Window 
PINMin(W) 
-35.4 
-33 
dBmavg 
Note 17 
Edge 
Figure 9 


Input Optical Power 
Minimum 
at Center 
PINMin(C) 
-37 
-34.5 
dBm avg 
Note 18 
Figure 9 


Input Optical Power 
Maximum 
PINMax 
-14 
-12.9 
dBm avg 
Note 32 


Operating 
Wavelength 
A 
1270 
1380 
nm 


Signal Detect 
Asserted 
PA 
Po + 1.5 dB 
-37.5 
-33.5 
dBm avg 
Note 19,29 
Figure 
10 


Signal Detect 
Deasserted 
Po 
-45 
-39.8 
dBm avg 
Note 20, 30 
Figure 
10 


Signal Detect 
Hysteresis 
PA - Po 
1.5 
2.3 
dB 
Figure 
10 


Receiver 
Electrical 
Characteristics 
(TA= O°C to 70°C. Vee = 4.75 V to 5.25 V) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Supply Current 
Ice 
70 
115 
rnA 
Note 21 


Supply Current 
IeeA 
30 
50 
rnA 
Note 21 


Supply Current 
- PIN Diode 
Ipo 
35 
500 
~ 
Note 22 


Power Dissipation 
Pmss 
0.3 
0.5 
W 
Note 23 


Data Output 
Voltage - Low 
'bL- ~e 
-1.840 
-1.620 
V 
Note 24 


Data Output 
Voltage - High 
'bH- 't:e 
-1.045 
-0.880 
V 
Note 24 


Data Output 
Rise Time 
t,. 
0.35 
1.2 
2.2 
ns 
Note 25 


Data Output 
Fall Time 
tr 
0.35 
1.1 
2.2 
ns 
Note 25 


Duty Cycle Distortion 
DCD 
0.04 
0.4 
ns p-p 
Note 26 


Data Dependent 
Jitter 
DDJ 
0.7 
1.0 
ns p-p 
Note 27 


Random Jitter 
RJ 
2.14 
ns p-p 
Note 28 


Signal Detect 
Output 
Voltage - Low 
Vov't:e 
-1.840 
-1.620 
V 
Note 24 


Signal Detect 
Output 
Voltage - High 
VOH- 't:e 
-1.045 
-0.880 
V 
Note 24 


Signal Detect 
Output 
Rise Time 
t,. 
0.35 
0.9 
2.2 
ns 
Note 24 


Signal Detect 
Output 
Fall Time 
tr 
0.35 
0.7 
2.2 
ns 
Note 25 


Signal Detect 
Assert Time (off to on) 
AS_Max 
0 
58 
100 
IJ.S 
Note 19,29 
Figure 
10 


Signal Detect 
Deassert 
Time (on to oft) 
ANS_Max 
0 
130 
350 
IJ.S 
Note 20, 30 
Figure 
10 
• 


Notes: 
1. This maximum 
rating 
applies 
to still 
air environments 
around the 
transceiver. 


2. When component 
testing 
these 
products 
all supply voltages 
should 
be applied 
simultaneously 
to avoid 
damage 
to the part. 
3. This is the maximum 
voltage that 
can be 
applied 
across the Differen- 
tial Transmitter 
Data Inputs 
to 
prevent 
damage 
to the input ESD 
protection 
circuit. 
4. When component 
testing 
these 
products 
do not short the receiver 
data or signal 
detect outputs 
directly 
to ground 
to avoid damage 
to the 
part. 
5. The outputs 
are terminated 
with 
50 n connected 
to Vcc- 2 V. 


6. The specified 
signaling 
rate of 10 
MBd to 125 MBd guarantees 
opera- 
tion of the transmitter 
and receiver 
link to the full conditions 
listed in 
the FDDI Physical 
Layer Medium 
Dependent 
standard. 
Specifically, 
the link bit error ratio will be equal 
to or better 
than 
2.5 x 10-10 for any 
valid FDDI pattern. 
The transmitter 
section of the link is capable 
of dc to 
125 MBd. The receiver 
is internally 
ac-roupled 
which limits the lower 
signaling 
rate to 10 MBd. For 
purposes 
of definition, 
the symbol 
rate (Baud), 
also called signaling 
rate, 
f., is the reciprocal 
of the 
shortest 
symbol time. Data rate 
(bits/see) 
is the symbol rate divided 
by the encoding 
factor used to 
encode the data (symbolslbit). 


7. The power supply current 
needed 
to 
operate 
the transmitter 
is provided 
to differential 
ECL circuitry. 
This 
circuitry 
maintains 
a nearly oon· 
stant 
current 
flow from the power 
supply. 
Constant 
current 
operation 
helps to prevent 
unwanted 
electrical 
noise from being generated, 
whether 
the noise is conducted 
or emitted, 
to 
neighboring 
receiver 
or logic 
circuitry. 
8. This value is measured 
with an 
output 
load RL = 10 kil. 


9. These optical power values 
are 
measured 
with the following 
conditions: 
o At the Beginning 
Of Life (BOL). 


o Over the specified 
operating 
voltage 
and temperature 
ranges. 


o With HALT Line State, 
(12.5 
MHz square-wave), 
input signal. 


• At the end of one meter of noted 
optical fiber with cladding 
modes 
removed. 
The average 
power value can be 
converted 
to a peak power value by 
adding 
3 dB. Higher 
output 
optical 
power transmitters 
are available 
on 
special request. 
10. The Extinction 
Ratio is a measure 
of 
the modulation 
depth of the optical 
signal. The data "0" output 
optical 
power is compared 
to the data "1" 
peak output 
optical power and 
expressed 
as a percentage. 
With the 
transmitter 
driven by a HALT Line 
State (12.5 MHz square-wave) 
signal 
the optical 
signal is detected 
with a 
receiver 
that 
linearly 
converts 
optical power to voltage. The extinc- 
tion ratio is the ratio of the voltage 
of the "0" level compared 
to the 
voltage at the "1" level expressed 
as 
a percentage. 


11. This parameter 
complies with the 
FDDI PMD requirements 
for the 
tradeoffs 
between 
center 
wave- 


length, 
spectral 
width, 
and rise/fall 
times shown in Figure 
7. The 
temperature 
coefficient 
of the center 
wavelength 
is typically 
+0.39 nml"C. 
12. This parameter 
complies 
with the 
FDDI PMD requirements 
for the 
tradeoffs 
between 
center 
wavelength, 
spectral 
width, 
and 
rise/fall 
times shown in Figure 
7. 
The temperature 
coefficient 
of the 
spectral 
width is typically 
+0.25 nml"C. 
13. This parameter 
complies 
with the 
FDDI PMD requirements 
for the 
tradeoffs 
between 
center 
wave- 


length, 
spectral 
width, 
and rise/fall 
times shown in Figure 
7. This 
parameter 
also complies with the 
optical pulse envelope 
shown in 
Figure 
8. The optical rise and fall 
times are measured 
from 10% to 
90% when the transmitter 
is driven 
by the FDDI HALT Line State (12.5 
MHz square-wave) 
input 
signal. 


14. Duty Cycle Distortion 
is measured 
at a 50% threshold 
using an IDLE 
Line State, 
125 MBd (62.5 MHz 
square-wave), 
input 
signal. The 
maximum 
value for this parameter 


is 0.2 na better 
than 
required 
by the 
FDDI PMD standard. 


15. Data Dependent 
Jitter 
is specified 
with the FDDI test pattern 
de- 


scribed in FDDI PMD Annex A.5. 
16. Random 
Jitter 
is specified with an 
IDLE Line State, 
125 MBd (62.5 
MHz square-wave), 
input 
signal. 


17. This specification 
is intended 
to 
indicate 
the performance 
of the 
receiver 
section 
of the transceiver 
when Input 
Optical Power signal 
characteristics 
are present 
per the 
following definitiona. 
The Input 
Optical 
Power dynamic 
range 
from 
the minimum 
level (with a window 
time-width) 
to the maximum 
level is 
the range 
over which the receiver 
is 
guaranteed 
to provide output 
data 
with a Bit Error 
Ratio (BER) better 
than 
or equal to 2.5 x 10·". The BER 
will be better 
than 
or equal to 1 x 
10.11 at input 
optical 
power levels 
greater 
than PIN••••plus approxi- 
mately 
0.8 dB with this Hewlett- 
Packard 
receiver. 
This is 1.2 dB 
better 
than 
required 
by the FDDI 
PMD. The measurement 
conditions 
are stated 
below. 


o At the Beginning 
of Life (BOL) 


o Over the specified 
operating 
temperature 
and voltage 
ranges 
o Input 
symbol pattern 
is the FDDI 
test pattern 
dermed in FDDI PMD 
Annex A.5 with 4B15B NRZI 
encoded 
data that 
contains 
a duty 
cycle base-line 
wander 
effect of 50 
kHz. This sequence 
causes 
a near 
worst case condition 
for inter- 
symbol interference. 


o Input 
optical rise and fall times 
are 
approximately 
1 na and 2 ns 
respectively. 


o Receiver 
data window time-width 
is 2.13 ns or greater 
and centered 
at mid-symbol. 
This worst case 
window time-width 
is the minimum 
allowed eye-opening 
presented 
to 
the FDDI PHY PMJ)ata.indication 
input 
(PHY input) 
per the example 
in FDDI PMD Annex E. This 
minimum 
window time-width 
of 
2.13 ns is based upon the worst 
case FDDI PMD Active Input 
Interface 
optical conditiona 
for 
peak-to-peak 
DCD (1.0 ns), DDJ 
(1.2 ns) and RJ (0.76 ns) presented 
to the receiver. 


To test 
a reeeiver 
with the worst 
case FDDI PMD Active Input jitter 
conditions 
require 
exacting 
control 
over DCD, DDJ and RJ jitter 
components 
that 
is difficult to 
implement 
with production 
test 
equipment. 
The reeeiver 
can be 
equivalently 
tested 
to the worst 
case FDDI PMD input jitter 
condi- 
tions and meet the minimum 
output 
dats 
window time-width 
of 
2.13 DB. This is accomplished 
by 
using 
a nearly 
ideal input 
optical 
signal (no DCD, insignificant 
DDJ 
and RJ) and measuring 
for a wider 
window time-width 
of 4.6 ns. This 
is posaible due to the accumulative 
effect of jitter 
components 
through 
their 
superposition 
(DCD and DDJ 
are directly 
additive 
and RJ com- 
ponents 
are rms additive). 


Specifically, 
when a nearly ideal 
input 
optical test signal is used 
and the maximum 
reeeiver 
peak-to-peak 
jitter 
contributions 
of 
DCD (0.4 ns), DDJ (1.0 ns), and RJ 
(2.14 ns) exist, the minimum 
window time-width 
becomes 8.0 ns 
- 0.4 ns - 1.0 ns - 2.14 ns = 4.46 ns, 
or conservatively 
4.6 ns. This wider 
window time-width 
of 4.6 ns 
guarantees 
the FDDI PMD Annex 
E minimum 
window time- width of 
2.13 ns under 
worst case input 
jitter 
conditions 
to the Hew lett- 
Packard 
reeeiver. 


• Transmitter 
operating 
with an 
IDLE Line State 
pattern, 
125 MBd 
(62.5 MHz square-wave), 
input 
signal to simulate 
any crosa-talk 
present 
between 
the transmitter 
and reeeiver 
sections 
of the 
transceiver. 


18. All conditions 
of Note 
17 apply 
except that 
the measurement 
is 
made at the center 
of the symbol 
with no window time-width. 
19. This value is measured 
during 
the 
transition 
from low to high levels of 
input 
optical power. 


20. This value is measured 
during 
the 
transition 
from high to low levels of 


input 
optical power. The minimum 
value will be either 
-45 dBm average 
or when the input optical power 
yields a BER of 10-0 or better, 
whichever 
power is higher. 
21. These values 
are measured 
with the 
outputs 
terminated 
into 60 0 con- 
nected to Vcc- 2 V. 
22. Measured 
at PIN= -14 dBm average. 
23. The power dissipation 
value is the 
power dissipated 
in the reeeiver 
itself. Power disaipation 
is calcu- 
lated as the sum of the products 
of 
supply voltage and supply currents, 
minus 
the sum of the products 
of the 
output 
voltages 
and currents. 
24. These values 
are measured 
with 
respect 
to Vcc with the output 
terminated 
into 60 0 connected 
to 
Vcc- 2 V. The minimum 
values 
are 
corrected 
for +5.25 V operation 
for 
100 K ECL values that 
are usually 
specified 
at -4.8 V operation. 


25. The output 
rise and fall times are 
measured 
between 
20% and llO% 
levels with the output 
connected 
to 
Vcc - 2 V through 
60 O. 


26. Duty Cycle Distortion 
is measured 
at 60% threshold 
using an IDLE 
Line State, 
125 MBd (62.5 MHz 
square-wave), 
input 
signal. The 
input optical power level is -20 dBm 
average. 
27. Data Dependent 
Jitter 
is specified 
with the FDDI test pattern 
described 
in PMD Annex A.5. The 
input optical power level is -20 dBm 
average. 
28. Random 
Jitter 
is specified with an 
IDLE Line State, 
125 MBd (62.5 
MHz square-wave), 
input 
signal. 


The input optical power level is at 
maximum 
"PIN••••(W)". 
29. The Signal Detect output 
shall be 
asserted 
within 
100 ••• after a step 
increase 
of the Input 
Optical Power. 
The step will be from a low Input 
Optical Power, ~ -45 dBm, into the 
range between 
greater 
than 
PA, and 
-14 dBm. The BER of the reeeiver 
output 
will be 10-' or better 
during 
the time, LS....Max (15 ••• ) after 
Signal Detect has been asserted. 
See 
Figure 
10 for more information. 


30. Signal detect output 
shall be de- 
asserted 
within 
360 ••• after a step 
decrease 
in the Input 
Optical Power 
from a level which is the lower of; 
-31 dBm or Po + 4 dB (Po is the 
power level at which signal detect 
was deasserted), 
to a power level of 


-45 dBm or less. This step decrease 
will have occurred 
in lesa than 
8 ns. 
The reeeiver 
output 
will have a BER 
of 10-' or better 
for a period of 12 ••• 
or until 
signal detect is deasserted. 


The input 
data stream 
is the Quiet 
Line State. 
Also, signal detect will 
be deasserted 
within 
a maximum 
of 
360... 
after the BER of the reeeiver 
output 
degrades 
above 10-0 for an 
input 
optical data stream 
that 
decays with a negative 
ramp 
func- 
tion instead 
of a step function. 
See 
Figure 
10 for more information. 
31. The transceiver 
under 
test was 
supplied 
with a 62.5 MHz square 
wave (126 MBd) optical 
signal from 
outside 
a semi-anechoic 
chamber 
to 
the reeeiver 
section located inside 
this chamber. 
An input 
optical 
power level of -20 dBm average 
was 
applied. 
Electrical 
output 
signals 
from the reeeiver 
section were 
connected 
directly 
to the electrical 
input 
of the transmitter 
section of 
the test transceiver. 
In turn, 
the 
transmitter 
section 
returned 
the 
optical 
data to a reeeiver 
outside 
the 
test chamber 
to be compared 
for 
data integrity. 
The noise floor of 
Figure 
13 is dictated 
by the 
measuring 
equipment. 
From DC to 
one GHz, one set of test instromen- 
tation 
monitored 
the emissions. 
Above 1 GHz, a different 
instromen- 
tation 
system 
measured 
emisaions 
up to 2 GHz. The difference 
in the 
bandwidths 
of the two systems 
causes 
the discontinuity 
in the noise 
floor at 1 GHz. 
32. Tested 
at 125 Mbls and with a data- 


pattern 
PRBS 2"7-1. The sampling 
clock is a<ijusted to minimum 
(0.0 


DB) delay and incremented 
in 0.5 ns 
steps up to a total of 7.5 ns delay. At 
each clock delay increment, 
the BER 
is checked. 
The total number 
of 
delay positions 
(N) yielding 
a BER 
<lE-5 is recorded. 
The Receiver 
Saturation 
level is the highest 
input 
optical 
power at which N ~9. 
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~NDITIONS. 


1. PI'" NORMALIZED 
(jP,"I 
= 0 dBI TO PIN ,,",n leI AT 125 


MBd AT CENTER 
OF SYMBOl. 


2. J.p •••= PIN@ 
MBd - P,,,.@ 
125 MBd 
3. FOOl PMD APPENDIX 
A.S 125 MBd TEST PATTERN 
WITH 50 kHz BASELINE WANDER 
4. BEA = 2.5 X 10 10 
5. TA = 25°C 
6. Vcc = 5 Vdc 
7. INPUT OPTICAL RISE/FALL 
TIMES 
= 1.0 nsl2.1 
ns 


Figure 5. Relative Input Optical 
Power vs. Signaling Rate. 
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RElATIVE 
INPUT OPTICAL 
POWER 
(~PIN) - dB 


CONDITIONS: 


1. PIN IS NORMALIZED 
(J.P,,,, = 0 dB) AT Pu'wM,nIW) 
WITH BER = 2.5 x 10 10 AND WINDOW 
TIME-WIDTH 


OF ±2.3 
ns EITHER SIDE OF SYMBOL CENTER. 


2 . .1PI•• = PI" @ BER - PIN@ 
2.5 
x , 010 
BER 


3. FOOl PMD APPENDIX 
A.S 125 MBd TEST PATTERN 


WITH 50 kHz BASELINE WANDER. 


4. T~:: 25°C 
5. Vcc :::5.0 Vdc 
6. INPUT OPTICAL RISE/FALL 
TIMES::: '.0 
nsl2. 
1 ns 


Figure 6. Typical Bit Error Rate vs. 
Relative Input Optical Power. 
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THE OUTPUT OPTICAL PULSE SHAPE SHALL FIT WITHIN THE BOUNDARIES 
OF THE PULSE ENVelOPE. 


FOR RISE AND 
FALL TIME MEASUREMENTS. 
THE MAXIMUM 
POSITIVE AND MINIMUM 
NEGATIVE 
WAVEFORM 
EXCURSIONS 
IN THE ZERO AND 
100% TIME INTERVALS SHALL BE CENTERED 
AROUND 
THE 0.0 AND 1.00 LEVelS, 
RESPECTIVelY. 
A MINIMUM 
BANDWIDTH 
RANGE OF 100 kHl TO 750 MHllS 


REQUIRED 
FOR THE MEASUREMENT 
EQUIPMENT 
USED TO EVALUATE THE PULSE ENVelOPE. 
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Ac - TRANSMIITER 
OUTPUT OPTICAL 


CENTER WAVELENGTH -nm 


HEWLETI 
PACKARD 
FOOl TRANSMITIEA 
TEST 


RESULTS OF A.c • .1.\ AND t" 
ARE CORRELATED 
AND 
COMPLY WITH THE ALLOWED 
SPECTRAL WIDTH AS 


A FUNCTION 
OF CENTER WAVelENGTH 
FOR 


VARIOUS 
RISE AND FALL TIMES. 


Figure 7. Transmitter Output 
Optical Spectral Width (FWBM)VB. 
Transmitter Output Optical Center 
Wavelength and Ri&elFallTime&. 
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SAMPLING 
TIME POSITION 
(till - ns 


PRBS 27., DATA PATTERN 
, 
\ 
\ 
I 
\ 
/ 
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CONDITIONS: 
1. PIN IS NORMALIZED 
TO PIN Iotln(C) AT CENTER 


OF SYMBOl. 


2.li PIN = PIN @If-PIN@'CENTER' 


3. PRBS 
27., 
DATA PATIERN. 


4. BER = 2.5 x 10.10 


5.TA=25°C. 


6. vec = 5Vdc 


7. INPUT OPTICAL 
RISEtFAlL 
TIMES = 1.0 n5/2.1 ns. 


Figure 
9. Relative 
Input 
Optical 
Power 
VB. Sampling 
Time Position. 


J,NPUT 
OPTICAL 
POWER 
1(2: 4.0 dB STEP DECREASE) 


AS_MAX-MAXIMUM 
ACQUISITION TIME (SIGNAL). 


AS_MAX 
IS THE MAXIMUM 
SIGNAl-DETECT 
ASSERTION 
TIME FOR THE STATION. 
AS_MAX 
SHALL 
NOT EXCEEO 
100.0 
~s. THE DEFAULT VALUE 
OF AS_MAX 
IS 100.0 
~s. 


ANS_MAX- 
MAXIMUM 
ACQUISITION TIME (NO SIGNAL). 
ANS_MAX 
IS THE MAXIMUM 
SIGNAl-DETECT 
DEASSERTIQN 
TIME FOR A STATION. 


ANS_MAX 
SHAll 
NOT ExceeD 
350 ~s. THE DEFAULT VALUE OF ANS_MAX 
IS 350 
/olS. 
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Notes 
1. Place 
termination 
resistors 
near 
input 
dau. 
pins 
01 transceiver 
and 
PHY 
devices 
2 
Make 
differential 
signal 
paths 
short 
and 
of 
the 
same 
length 
with 
equal 
terminations 
to Vcc·2 
volts 
3, Signal 
traces 
should 
be 50 
Ohm 
transmission 
lines: 
Mic,ostrip 
[or 
striplinel. 


Use 
ground 
plane 
lOr multi·laye,) 
printed 
circuit 
board 
tor 
best 
high 
frequency 
performance 


4, 
Resistors 
in Ohms. 
Capacitors 
in 
mIcroFarads. 
Inductors 
in microHenries 
5, Use 
high·frequency 
monolithic 
ceramic 
bypass 
capacitors 
and 
low 
seties 
de resistance 
inductors. 
Ferrite 


inductors 
can 
be used 


Locate 
power 
supply 
filter 
components 
close 
to fiber· 
optic 
devices. 
_ 
__ 


6. CAUTION: 
Do 
not 
directly 
connect 
fiber 
optic 
module 
ECL 
outputs 
- (Ddta. 
Data. 
Signal 
Detect. 
Signal 
oeteCi) 
to ground 
without 
proper 
current 
limiting 
impedence 
7. All 
power 
supply 
voltages 
for 
the 
fiber 
optic 
rece'ver 
Or transminer 
section 
should 
be applied 
simultaneously 


to prevent 
possible 
damage 
to the 
device 
8, Device 
ground 
pins 
should 
be directly 
and 
individually 
connected 
to ground 


9. Device 
solder 
posts 
should 
be directly 
and 
Individually 
connected 
to ground 
for 
best 
EMI shIelding. 


• 


Application Assistance 
The Applications Engineering 
group in the Hewlett-Packard 
Optical Communication 
Division is available to assist 
with the technical understand- 
ing and design trade-offs asso- 
ciated with this FDDI trans- 
ceiver. You can contact them 
through your local Hewlett- 
Packard sales representative. 


The following information 
is 
provided to answer some ofthe 
most common application 
questions that have been asked 
relative to the use of the HFBR- 
510115102 transceivers. 


Board Layout - Decoupling 
Circuit and Ground Planes 
It is important 
to take care in 
the layout of your circuit board 
to achieve optimum perform- 
ance from the HFBR-5101I5102 
transceiver. 
Figure 11 provides 
a good example of a schematic 
for a decoupling circuit that 
works well with this product. It 
is further recommended 
that a 
contiguous ground plane be 
provided in the circuit board 
directly under the transceiver 
to 
provide a low inductance 
ground 
for signal return 
current. This 
recommendation 
is in keeping 
with good high frequency board 
layout practices. Layouts that 
overlay the multi sourced 2X11 
footprint with the alternative 
!X13 transceiver 
footprint need 
to pay special attention 
to this 
recommendation 
for a contigu- 
ous ground plane under the 
transceiver 
to achieve good 
performance. 


Board Layout - Hole Pattern 
Figure 12 shows the recom- 
mended board hole pattern 
to be 
used for the HFBR-5101l5102 
transceivers. 
This recommenda- 


tion complies with the original 
Multisource FDDI Transceiver 
definition announced by AT&T, 
Hewlett-Packard, 
and Siemens 
in 1989. This hole size and 
location recommendation 
allows 
for easy insertion 
of the 
transceiver 
into the circuit 
board during assembly 
operations. 


for some positional tolerance 
beyond the perfect position 
noted and trade this off for 
tighter hole size tolerance. For 
example, if you desire a 0.006 
inch tolerance on hole location 
then the consequent hole size 
should be held to 0.076 inch 
minimum instead of 0.070 
minimum allowed for the case 
where the holes would be drilled 
in the perfect location. 
To interpret 
Figure 12 it is 
important 
to remember to allow 
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NOTES: 
1. DIMENSIONS 
ARE IN INCHES OVER (MilLIMETERS). 


2. DIMENSIONS 
PER ANSI Y14.5M. 


3. seE APPLICATION 
ASSISTANCE: 
BOARD LAYOUT - HOLE 
PATTERN SECTION 
FOR MORE INFORMATION. 


Electromagnetic 
Emissions 
Figure 13 shows typical 
radiated emissions from a 
sample ofHFBR-5102 
transceivers. 
The units meet 
FCC Class B far-field emission 
limits at three metres with the 
transceiver 
mounted on a 
printed circuit board in an open, 
unshielded 
environment 
within 
an approved semi-anechoic 
chamber. See note 31 for details 
on the test method. 


Electrostatic Discharge 
(ESD) 
There are two design cases in 
which immunity to ESO damage 
is important. 


The first case is during 
handling of the transceiver 
prior 
to mounting it on the circuit 
board. It is important 
to use 
normal ESI? handling precau- 
tions for ESO sensitive devices. 
These precautions 
include using 
grounded wrist straps, work 
benches, and floor mats in ESO 
controlled work areas. 


The Hewlett-Packard 
HFBR- 
5101/5102 has been character- 
ized per MIL-STO-883C Method 


3015.4 to tolerate more than 
2 kV between pins without 
damage. This is within the ESO 
Class 2 specification range of 
2000 V to 3999 V. 


The second case to consider is 
static discharges to the exterior 
of the equipment chassis after 
the FOOl interface card is 
installed. In many equipment 
designs the MICIR of the FOOl 
transceiver 
is exposed outside 
the exterior of the chassis. With 
this exposure it is subject to the 
same ESO test criteria that 
apply to the entire product in 
which it is installed. Another 
specific exposure occurs 
whenever a Media Interface 
ConnectorlPlug is inserted into 
the transceiver 
MICIR. 


The Hewlett-Packard 
HFBR- 
5101/5102 transceiver 
has been 
characterized 
to withstand 
up to 
25 kV air discharge from a 
human body source without 
catastrophic 
damage. A test 
procedure similar to IEC 801-2 
was used for this 
characterization 
test. 


When designing equipment the 
designer should consider the 


ESO discharge path to ground. 
In designs that allow contact 
between chassis and signal/logic 
ground this can be accomplished 
either with a conductive shield 
or gasket between the chassis 
and the conductive (aluminum) 
MICIR of the HFBR-5101 
transceiver, 
or by connecting 
the transceiver 
solder posts and! 
or ground pins to chassis ground 
on the circuit board. 


In the design case where contact 
between chassis ground and 
signal/logic ground is not 
allowed, the HFBR-5102, which 
has a non-conductive MICIR, 
may be used. To assist an ESO 
event to transfer 
to ground, a 
metal ground plane can be 
located near the aperture, 
inside the equipment chassis. 
This would provide a local, 
conductive arc-path to ground. 
Also, this metal can take the 
form of a guard ring at the 
peripheral 
edge of a printed 
circuit board that is connected 
to Earth ground. For best EMIl 
ESO performance, the ground 
posts should be soldered to the 
designer's PCB ground. 
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SNAP-IN FIBER OPTIC LINKS 
TRANSMITTERS, 
RECEIVERS, 


CABLE AND CONNECTORS 


HFBR-0500 


SERIES 


• 
GUARANTEED 
LINK PERFORMANCE 
OVER 
TEMPERATURE 
High Speed Links: dc to 5 MBd 
Extended 
Distance 
Links up to 111 m 
Low Current 
Links: 6 mA Peak Supply 
Current 
for 
an10 
m Link 
Photo Interrupters 


• 
LOW COST PLASTIC 
DUAL-IN-L1NE 
PACKAGE 


• 
EASY FIELD CONNECTORING 


• 
EASY TO USE RECEIVERS: 
Logic Compatible 
Output 
Level 
Single +5 V Receiver Power Supply 
High Noise Immunity 


• 
LOW LOSS PLASTIC 
CABLE: 
Simplex 
and Zip Cord Style Duplex 
Cable 
Extra Low Loss Simplex and Duplex 


Applications 


• 
HIGH VOLTAGE 
ISOLATION 


• 
SECURE 
DATA 
COMMUNICATIONS 


• 
REMOTE 
PHOTO 
INTERRUPTER 


• 
LOW CURRENT 
LINKS 


• 
INTER/INTRA-SYSTEM 
LINKS 


• 
STATIC 
PROTECTION 


• 
EMC REGULATED 
SYSTEMS 
(FCC, VDE) 


Link Selection Guide 


GUARANTEED 
LINKS 


Description 


The HFBR-0500 
series is a complete 
family 
of fiber optic 


link 
components 
for 
configuring 
low-cost 
control, 
data 
transmission, and photo interrupter 
links. These components 


are designed 
to mate with plastic snap-in 
connectors 
and 


low-cost 
plastic 
cable. * Link 
design 
is simplified 
by th~ 


logic 
compatible 
receivers 
and the ease of connectoring 


the plastic fiber cable. The key parameters of Jinks configured 
with 
the 
HFBR-0500 
family 
are 
fUlly 
guaranteed. 


Guaranteed Link Length 
Typical Link Lengths 
G-70°C 
25°C 
Data 
Data 
Standard 
ExIra Low 
Standard 
EXIraLow 
Rate 
Cable 
Loss Cable 
Cable 
Loss Cable 
Transmitter 
Receiver 


5MBd Link 
5MBd 
19 
22 
48m 
53m 
HFBR-1510 
HFBR-2501 


1 MBd Link 
1 MBd 
39 
45 
70m 
78m 
HFBR-1502 
HRBR-2502 


Low Current Link 
40kBd 
13 
15 
41 m 
45m 
HFBR-1512 
HFBR-2503 


Extended 
j 


Distance Link 
40kBd 
94 
111 
138 
154m 
HFBR-1512 
HFBR-2503 


Photo Interrupter 
20 kHz 
NlA 
NlA 
NlA 
N/A 
HFBR-1512 
HFBR-2503 


Link 
500kHz 
NlA 
NlA 
NlA 
NlA 
HFBR-1502 
HFBR-2502 


HFBR-1510 


HFBR-1502 


HFBR-1512 


HFBR-2501 


HFBR-2502 


HFBR-2503 


Minimum 
Output 
Optical 
Power 
o to 70°C 


-16.5 
dBm 


-13.6 
dBm 


-13.6 
dBm 


Sensitivity 
Ot070°C 


-21.6 
dBm 


-24 dBm 


-39 dBm 


Peak Emission 
Wavelength 


665 nm 


665 nm 


665 nm 


Data Rate 


5 MBd 


1 MBd 


40 kBd 


HFBR-1510 
AND HFBR-2501 


The 
dc 
to 
5 MBd 
link 
is guaranteed 
over 
temperature 
to 


operate 
up to 19 m with a transmitter 
drive current 
of 60 mA. 


This 
link 
uses 
the 
665 
nnm 
HFBR-1510 
Transmitter, 
the 


Please 
refer 
to the Versatile 
Link 
Fiber 
Optics 


for cable 
specifications. 


HFBR-4501 
Gray Connector/Crimp 
Ring 
HFBR-4511 
Blue Connector/Crimp 
Ring 


HFBR-4593 
Polishing 
Kit 
Bulkhead 
Feedthrough/ln-Line 
Splice: 


HFBR-4505 
Gray 


HFBR-4515 
Blue 


HFBR-2501 
Receiver, 
and Extra Low Loss Plastic 
Cable. 
The 


receiver 
compatible 
with LSTILITTUCMOS 
logic levels offers 


a choice 
of internal 
pUll-Up or open 
collector 
output. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Ambient 
Temperature 
TA 
0 
70 
°C 


Transmitter 
Peak Forward 
Current 
IF PK 
10 
750 
mA 
Note 
1 


Avg. Forward 
Current 
IF AV 
60 
mA 


Receiver 
Supply 
Voltage 
Vcc 
4.75 
5.25 
V 
Note 2 


Fan-Out 
(TTLI 
N 
5 


I 


Parameter 
Symbol 
Min. 
Typ.(5) 
Max. 
Units 
Conditions 
Ref. 


Data Rate 
dc 
5 
MBd 
BER ~ 10-9 


Transmission 
Distance 
19 
m 
IFPK= 60 mA, G-70° C 


Standard 
Cable 
Q 
27 
48 
m 
IFPK= 60 mA. 25° C 


Transmission 
Distance 
22 
m 
IFPK= 60 mA. G-70°C 


ExtraLow Loss Cable 
32 
53 
m 
IFPK= 60 mA. 25° C 


Propagation 
Delay 
tPLH 
80 
140 
ns 
RL = 560 n. CL = 30 pF 
Fig. 4. 5 


tPHL 
50 
140 
ns 
PR= -21.6~PR~-9.5dBm 
Note 3 


Pulse Width 
Distortion 
tD 
30 
ns 
PR =-15 
dBm 
Fig. 4. 6 


RL = 560 n. CL = 30 pF 
NDte4 


EMI Immunity 
8000 
Vim 
BER ~ 10-9 


Notes: 1. For IFPK> 80 mA, the duty factor must be such as to keep IFAVoS 80 mA. In addition, for IFPK> 80 mA, the following rules for 
pulse width apply: 
IFPKoS 160 mA: Pulse width oS 1 ms 
IFPK> 160 mA: Pulse width oS 1 I'S 
2.lt is essential that a bypass capacitor 10.01I'F to 0.1 I'F ceramic I be connected from pin 3 to pin 4 of the receiver. Total lead 


length between both ends of the capacitor and the pins should not exceed 20,mm. 
3. The propagation delay of 1 m of cable 15nsl is included. 
4. TD = tPLH- tPHL' 


5. Typical data is at 25°C. Vcc = 5 V. 


The HFBR-1510/2501 
Transmitter/Receiver 
pair is guaran- 


teed 
for 
operation 
at data 
rates 
up to 5 MBd 
over 
link 


distances 
from 
0 to 
19 metres 
with 
standard 
cable 
and 
from 
0 to 22 metres 
with 
improved 
cable. 
The 
value 
of 


transmitter 
drive 
current. 
IF. depends 
on the link distance 
as shown 
in Figures 
2 and 3. Note 
that there 
is an upper 
as well 
as a lower 
limit 
on the 
value 
of IF for any 
given 


distance. 
The 
dotted 
lines 
in Figures 
2 and 
3 represent 
pulsed 
operation. 
When operating 
in the pulsed 
mode. the 


conditions 
in Note 
1 must 
be met. After 
selecting 
a value 


of 
the 
transmitter 
drive 
current 
IF. the 
value 
of 
R1 in 


Figure 
1 can be calculated 
as follows: 
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Figure 
5. HFBR-1510/2501 
Link Pulse Width 
Distortion 
vs. 


Optical 
Power 


• 


1 MBd link 
HFBR-1502 
AND HFBR-2502 
The 
dc to 
1 MBd 
link 
is guaranteed 
over 
temperature 
to 


operate 
from 
0 to 39 m with 
a transmitter 
drive current 
of 
60 mA. This link uses the 665 nm HFBR-1502 
Transmitter, 


RECOMMENDED 
OPERATING 
CONDITIONS 


the 
HFBR-2502 
Receiver, 
and 
Improved 
Cable. 
The 


receiver 
is compatible 
with 
LSTTUTTUCMOS 
logic 
levels 


and offers a choice 
of an internal 
pull-up 
or open collector 
output. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Ambient 
Temperature 
TA 
0 
70 
°C 


Transmitter 
Peak Forward 
Current 
IFPK 
10 
750 
mA 
Note 1 


Avg. Forward 
Current 
IFAV 
60 
mA 


Receiver Supply 
Voltage 
Vcc 
4.75 
5.25 
V 
Note 2 


Fan-Out 
(TTli 
N 
5 


Parameter 
Symbol 
Min. 
TypJ5] 
Max. 
Units 
Conditions 
Ref. 


Data Rate 
dc 
1 
MBd 
BER ~ 10-9 


Transmission 
Distance 
39 
m 
IFPK = 60 mA, 0-70°C 


Standard 
Cable 
Q 


47 
70 
m 
IFPK = 60 mA, 25° C 


Transmission 
Distance 
45 
m 
IFPK = 60 mA, 0-70°C 


Extra Low Loss Cable 
Q 


56 
78 
m 
IFPK = 60 mA, 25° C 


Propagation 
Delay 
tPLH 
180 
250 
ns 
RL = 560 n, CL = 30 pF 
Fig. 4, 5 


tPHL 
100 
140 
ns 
PR = -24 dBm 
Note 3 


Pulse Width 
Distortion 
tD 
80 
ns 
PR = -24 dBm 
Fig. 4, 6 


RL = 560 n, CL = 30 pF 
Note 4 


EMI Immunity 
8000 
Vim 
BER ~ 10-9 


Notes: 1. For 'FPK > 80 mA, the duty factor must be such as to keep IFAVoS 80 mA. In addition, for IFPK> 80 mA, the following rules for 


pulse width apply: 
IFPKoS 160 mA: Pulse width oS 1 ms 
IFPK> 160 mA: Pulse width oS 1 "'s 
2. It is essential that a bypass capacitor (0.01 ",F to 0.1 ",F ceramic I be connected from pin 3 to pin 4 of the receiver. Total lead 


length between both ends of the capacitor and the pins should not exceed 20 mm. 
3. The propagation delay of 1 m of cable 15nSI is included. 
4. TD = tPLH- tPHL' 
5. Typical data is at 25°C, Vcc = 5 V. 


The HFBR-1502/2502 
Transmitter/Receiver 
pair is guaran- 
teed 
for 
operation 
at data 
rates 
up to 
1 MBd 
over 
link 
distances 
from 
0 to 
32 metres 
with 
standard 
cable 
and 
from 
0 to 
37 metres 
with 
improved 
cable. 
The 
value 
of 
transmitter 
drive 
current, 
IF, depends 
on the link distance 
as shown 
in Figures 
2 and 3. Note 
that 
there 
is a lower 
limit 
on the value of IF for any given 
distance. 
The dotted 


lines in Figures 
2 and 3 represent 
pulsed 
operation. 
When 


operating 
in the 
pulsed 
mode, 
the 
conditions 
in Note 
1 
must 
be 
met. 
After 
selecting 
a value 
of the 
transmitter 


drive 
current 
IF, the 
value 
of 
Rl 
in 
Figure 
1 can 
be 


calculated 
as follows: 


IF 


For the 
HFBR-1502/2502 
pair, the value 
of the capacitor, 


C1 (Figure 
1) must be chosen 
such that R1 C1 ~ 75 ns. 
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Figure 3. Guaranteed System Performance with HFBR-1502 
and HFBR-2502, Extra Low Loss Cable 
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low Current/Extended 
Distance link 


HFBR-1512 
AND HFBR-2503 


The low current 
link requires only 6 mA peak supply current 
for the transmitter 
and receiver combined 
to 
achieve 
a 13 
m link. Extended 
distances 
up to 94 m can be achieved 
at a 
maximum 
transmitter 
drive current 
of 60 mA peak. This link 


can be driven with TTULSTTL 
and most CMOS logic gates. 


RECOMMENDED 
OPERATING 
CONDITIONS 


The black plastic 
housing 
of the HFBR-1512 
Transmitter 
is 


designed 
to prevent the penetration 
of ambient 
light into the 


cable 
through 
the transmitter. 
This 
prevents 
the sensitive 


receiver from being triggered 
by ambient 
light pulses. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Ambient 
Temperature 
TA 
0 
70 
°C 


Transmitter 
Peak Forward 
Current 
IF PK 
2 
120 
mA 
Note 1 


Avg. Forward 
Current 
IF AV 
60 
mA 


Receiver 
Supply 
Voltage 
Vcc 
4.5 
5.5 
V 
Note 2 


Output 
Voltage 
Va 
Vcc 
V 


Fan-Out 
(TTU 
N 
1 


Parameter 
Symbol 
Min. 
Typ.l5) 
Max. 
Units 
Conditions 
Ref. 


Data Rate 
dc 
40 
kBd 
tD~7.0J.Ls 


Transmission 
Distance 
13 
41 
m 
IFPK = 2 mA, 0-70°C 
Standard 
Cable 
Q 


94 
138 
m 
IFPK = 60 mA, 0-70° C 


Transmission 
Distance 
15 
45 
m 
IFPK = 2 mA, 0-70° C 


Extra Low Loss Cable 
Q 


111 
154 
m 
IFPK = 60 mA, 0-70° C 


Propagation 
Delay 
tPLH 
4 
J.Ls 
RL = 3.3K n, CL = 30 pF 
Fig. 4, 5 


tPHL 
2.5 
J.LS 
PR = -25 dBm 
Note3 


Pulse Width 
Distortion 
tD 
7.0 
J.LS 
-39 ~ PR ~ -14 dBm 
Fig. 4, 6 


RL = 3.3 Kn, CL = 30 pF 
Note 4 


Bit Error 
Rate 
BER 
10.9 
PR = -30 dBm 


EMI Immunity 
5000 
Vim 
PR=O 
mW 


Notes: 
1. For IFPK> 80 mA, the duty factor must be such as to keep IFAV:5 80 mA. In addition, if IFAV> 80 mA, then the pulse width must be 


equal to or less than 1 ms. 
2. 
It is recommended that a bypass capacitor 10.01I'F to 0.1 I'F ceramic) be connected from pin 3 to pin 4 of the receiver. 


3. The propagation delay of 1 m of cable (5 ns) is included. 
4. tD = tPLH- tPHL. 
5. Typical data is at 25° C, Vcc = 5 V. 


link DesignConsiderations 


The HFBR-1512/2503 
Transmitter/Receiver 
pair is guaran- 


teed for operation 
at data rates up to 40 kBd for transmitter 


drives 
as low as 2 mA: The value of transmitter 
drive cur- 


rent, IF, depends 
on the link distance 
as shown in Figures 2 


and 3. Note that there is an upper as well as a lower limit on 


the value of IF for any given distance. 
After selecting 
a value 
of the transmitter 
drive current 
IF, the value of R1 in Figure 1 
can be calculated 
as follows: 


R1 = Vcc-VF 


IF 
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• 


Photo Interrupter 
Links 


HFBR-1502/2502 
HFBR-1512/2503 


These 
links 
may be used in optical 
switches, 
shaft position 


sensors, 
and velocity 
sensors. 
They 
are particularly 
useful 


where 
high 
voltage, 
electrical 
noise, 
or explosive 
environ- 
ments 
prohibit 
the 
use 
of 
electromechanical 
or 


optoelectronic 
sensors. 


The 
HFBR-1512/2503 
link (20kHz) 
has an optical 
power 


bUdget 
of 24 dB, and the 
HFBR-1502/2502 
link 
(500 kHz) 


budget 
is 10 dB. Total system 
losses (cable attenuation, 
air- 


gap 
loss, 
etc) 
must 
not 
exceed 
the 
link 
optical 
power 


budget. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Ambient 
Temperature 
TA 
0 
70 
°C 


Transmitter 


Peak Forward 
Current 
IF PK 
10 
750 
mA 
Note 1 


Avg. Forward 
Current 
IF AV 
60 
mA 


Receiver 
HFBR-2503 
4.50 
5.50 


Supply 
Voltage 
Vcc 
V 


HFBR-2502 
4.75 
5.25 
Note 2 


Output 
Voltage 
HFBR-2503 
Vcc 
Va 
V 


HFBR-2502 
'- 
18 


Fanout (TTU 
HFBR-2503 
1 


HFBR-2502 
5 


SYSTEM PERFORMANCE 


See 
HFBR-1502/2502 
link 
data 
sheet 
(page 
4-10) 
and 
HFBR-1512/2503 
link 
data 
sheet 
(page 
4-12) 
for 
more 
design 


information. 
These 
specifications 
apply 
when 
using 
HFBR-3510/3610 
series 
cable and, unless 
otherwise 
specified, 
under 
recommended 
operating 
conditions. 


Parameter 
Symbol 
Min. 
TypJ5] 
Max. 
Units 
Conditions 
Ref. 


HFBR-1512/HFBR-2503 


Max. Count 
Frequency 
dc 
20 
kHz 


Optical 
Power BUdget 
25.4 
dB 
IFPK= 60 mA, 0-70° C 


27.8 
34 
dB 
IFPK= 60 mA, 25° C 
Note 3, 4 


HFBR-1502, 
HFBR-2502 


Max. Count 
Frequency 
dc 
500 
kHz 


Optical 
Power BUdget 
10.4 
dB 
IFPK= 60 mA, 0-70° C 


12.8 
15.6 
dB 
IFPK= 60 mA, 25° C 
Note3 


Notes: 
1 
For IFPK> 80 mA, the duty factor must be such as to keep IFAV'; 80 mA. In addition, for IFPK> 80 mA, the following 
rules for pulse 
width apply: 


IFPK'; 160 mA: Pulse width'; 
1 ms 


IFPK> 160 mA: Pulse width'; 
1 I's 


2. A bypass capacitor 
10.01I'F to 0.1 I'F ceramic) connected 
from pin 3 to pin 4 of the receiver is recommended 
for the HFBR-2503 


and essential for the HFBR-2502. For the HFBR-2502, the total lead length between both ends of the capacitor and the pins should 
not exceed 20 mm. 
3. Optical Power Budget = PT Min. - PRIL) Min. Refer to HFBR-1502/1512data sheet, HFBR-2502 data sheet, and HFBR-2503 data sheet, 


for additional design information. 


4. In addition to a minimum power budget, care should be taken to avoid overdriving the HFBR-2503 receiver with too much optical 
power. For this reason power levels into the receiver should 
be kept less than -13.7 dBm to eliminate 
any overdrive with the 
recommended operating conditions. 
5. Typical data is at 25°C, Vcc 
= 5 V. 


Link Design Considerations 


The 
HFBR-1512/2503 
and 
HFBR-1502/2502 
Transmitter/ 


Receiver pairs are intended 
for applications 
where the phot.o 
interrupter 
must 
be physically 
separate 
from 
the optoelec- 
tronic 
emitter 
and detector. 
This separation 
would 
be useful 


where 
high 
voltage, 
electrical 
noise 
or explosive 
environ- 
ments 
prohibit 
the 
use of 
electronic 
devices. 
To 
ensure 
reliable 
long term operation, 
links designed 
for this applica- 


tion 
should 
operate 
with 
an ample 
optical 
power 
margin 


ccM 2': 3 dB, 
since 
the 
exposed 
fiber 
ends 
are subject 
to 
environmental 
contamination 
that 
will 
increase 
the optical 


attenuation 
of the slot with time. A graph 
of air gap separa- 


tion 
versus 
attenuation 
for clean 
fiber 
ends with 
minimum 
radial 
error 
~ 0.005 
inches 
(0.127 mml 
and 
angular 
error 


(~ 3.00 I is provided 
in Figure 2. The following 
equations 
can 


now be used to determine 
the transmitter 
output 
power, 
PT, 


for both the overdrive 
and minimum 
drive cases. Overdrive 


is defined 
as a condition 
where 
excessive 
optical 
power 
is 


delivered 
to the receiver. The first equation 
enables the max- 
imum 
PT that 
will 
not 
result 
in 
receiver 
overdrive 
to 
be 
calculated 
for a predetermined 
link length 
and slot attenua- 
tion. The second 
equation 
defines 
the minimum 
PT allowed 
for link operation. 


PT (MAX) - PR (MAXI ~ ao MINQ+ aSLOT 


PT (MINI - PRL (MIN) 2':ao MAXQ+ aSLOT+ aM 


Eq.1 


Eq.2 


Once PT (MINI has been determined 
in the second equation 


for 
a specific 
link 
length 
(QI, slot 
attenuation 
(aSLOTI and 
margin 
laMI, Figure 3 can then be used to find IF. 
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• 


HFBR-1502/HFBR-1510 
and 
HFBR-1512 


The 
HFBR-1510/1502l1512 
Transmitter 
modules 
incorpo- 
rate a 665 nm LED emitting 
at a low attenuation 
wavelength 
for the 
HFBR-RIE 
plastic 
fiber 
optic 
cable. 
The transmitters 
can 
be easily 
interfaced 
to standard 
TTL 
logic. 
The 
optical 
power output 
of the HFBR-1510/151211502 
is specified 
at the 
end of 0.5 m of cable. 
The HFBR-1512 
output 
optical 
power 
is 
tested 
and guaranteed 
at low drive currents. 


1~ 
ANODE 


2 
CATHODE~I 


CATHODE 


Absolute Maximum 
Ratings 


Parameter 
Symbol 
Min. 
Max. 
Units 
ReI. 


Storage 
Temperature 
Ts 
-40 
+75 
°C' 


Operating 
Temperature 
TA 
0 
+70 
°C' 


Lead Soldering 
Cycle 
I Temp. 
260 
°C 
Note 1 


I Time 
10 
sec. 


Peak Forward 
Input 
Current 
IF PK 
1000 
mA 
Note 2 


Average 
Forward 
Input 
Current 
IF AV 
80 
mA 


Reverse 
Input 
Voltage 
VR 
5 
V 


Electrical/Optical 
Characteristics 
O°C to +70° C Unless 
Otherwise 
Specified 


Parameter 
Symbol 
Min. 
TypJ5] 
Max. 
Units 
Conditions 
ReI. 


Transmitter 
Output 
HFBR-1510 
Pr 
-16.5 
-7.6 
dBm 
IF = 60 mA. 0-70° C 


Optical 
Power 
-14.3 
-8.0 
dBm 
IF = 60 mA. 25°C 


HFBR-1502 
Pr 
-13.6 
-4.5 
dBm 
IF = 60 mA. 0-70° C 
Fig.2 


and 
HFBR-1512 
-11.2 
-5.1 
dBm 
IF = 60 mA. 25°C 
Note 4 


HFBR-1512 
PT 
-35.5 
dBm 
IF = 2 mA. 0-70° C 
Note 3 


Output 
Optical 
Power 
~Pr 
-<J.026 
dB/oC 


Temperature 
Coefficient 
- 
~T 


Peak Emission 
Wavelength 
APK 
665 
nm 


Forward 
Voltage 
VF 
1.45 
1.67 
2.02 
V 
IF = 60 mA 


Forward 
Voltage 
uVF 
-1.37 
mVioC 
Fig. 1 
Temperature 
Coefficient 
uT 


Effective 
Diameter 
Dr 
1 
mm 


Numerical 
Aperture 
NA 
0.5 


Reverse 
Input 
Breakdown 
Voltage 
VBR 
5.0 
12.4 
V 
IF=-10!-,A,TA=25°C 


Diode 
Capacitance 
Co 
86 
pF 
VF = O. f = 1 MHz 


Rise and Fall Time 
lA. tF 
50 
ns 
10% to 90% 


Notes: 
1. 1.6 mm below seating plane. 
2. 
1 I'S pulse. 20 I'S period. 


3. 
Measured at the end of 0.5 m standard Fiber Optic Cable with large area detector. 
4. 
Optical 
power. P (dBml = 10 Log P (I'Wl/1000 I'W. 
5. 
Typical 
data is at 25° C. 
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Receivers 


HFBR-2501 (5 MBd) and HFBR-2502 (1 MBd) 


The HFBR-2501/2502 
Receiver modules feature a shielded 
integrated 
photodetector 
and wide bandwidth 
DC ampli- 


fier 
for 
high 
EMI 
immunity. 
A 
Schottky 
clamped 
open-collector 
output 
transistor 
allows 
interfacing 
to 
common 
logic 
families 
and 
enables 
"wired-OR" 
circuit 
designs. The open collector 
output 
is specified 
up to 18V. 


An integrated 
1000 ohm 
resistor 
internally 
connected 
to 
VCC may be externally 
jumpered 
to provide 
a pull-up 
for 


ease-of-use 
with +5V logic. The combination 
of high opti- 


cal 
power 
levels and fast transitions 
falling 
edge 
could 


result in distortion 
of the output 
signal (HFBR-2502 only), 
that could lead to multiple triggering 
of following 
circuitry. 
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~ 
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Parameter 


Storage Temperature 


Operating 
Temperature 


Lead Soldering 
Cycle 
I Temp 
I Time 


Symbol 


Ts 


TA 


Supply Voltage 


Output 
Collector 
Current 


Output 
Collector 
Power Dissipation 


Output Voltage 


Pullup Voltage 


Min. 
Max. 
Units 
Ref. 


-40 
+75 
°C 


0 
+70 
°C 


260 
°C 
Note 1 


10 
sec 


-0.5 
7 
V 
Note 6 


25 
mA 


40 
mW 


-0.5 
18 
V 


-0.5 
Vcc 
V 


• 


--_ .._ ..- 
11'11; 
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Receiver 
Input 
Optical 
HFBR-2501 
PR (L) 
-21.6 
--9.5 
dBm 
0-70°C, 
VOL = 0.5 V 
Note 
2, 


Power 
Level for 
IOL=8 
mA 
3 


Logic 
"0" 
-21.6 
-£.7 
dBm 
25° C, VOL = 0.5 V 


IOL = 8 mA 


HFBR-2502 
PR (L) 
-24 
dBm 
0-70° C, VOL = 0.5 V 


IOL = 8 mA 


-24 
dBm 
25° C, VOL = 0.5 V 


IOL= 
8 mA 


Input 
Optical 
Power 
Level for Logic 
"1" 
PR (H) 
-43 
dBm 
VOH = 5.25 V, 
Note 2 


IOH S 250 J1.A 


High 
Level 
Output 
Current 
IOH 
5 
250 
J1.A 
Vo = 18 V, PR = 0 
Note4 


Low 
Level 
Output 
Voltage 
VOL 
0.4 
0.5 
V 
IOL = 8 mA, 
Note 4 


PR = PRL MIN 


High 
Level Supply 
Current 
ICCH 
3.5 
6.3 
mA 
Vcc 
= 5.25 V, 
Note 4 


PR= 0 J1.W 


Low 
Level Supply 
Current 
ICCL 
6.2 
10 
mA 
Vcc 
= 5.25 V, 
Note 4 


PR = -12.5 
dBm 


Effective 
Diameter 
DR 
1 
mm 


Numerical 
Aperture 
N.A.R 
0.5 


Internal 
Pull-Up 
Resistor 
RL 
680 
1000 
1700 
Ohms 


Notes: 
1. 1.6 mm below seating plane. 
2. Optical flux, P (dBm)= 10 Log P (I'WI/1000 I'W. 
3. Measured at the end of standard Fiber Optic Cable with large area detector. 
4. RL is open. 
5. Typical data is at 25°C, Vcc = 5 V. 
6. It is essential that a bypass capacitor 0.01 I'F to 0.1 I'F be connected from pin 3 to pin 4 of the receiver. Total lead length between 
both ends of the capacitor and the pins should not exceed 20 mm. 


High Sensitivity 
Receiver 


HFBR-2503 


The 
blue 
plastic 
HFBR-2503 
Receiver 
module 
has a sensi- 


tivity 
of -39 
dBm. 
It features 
an integrated 
photodetector 


and 
DC amplifier 
for 
high 
EMI 
immunity. 
The 
output 
is an 


open 
collector 
with 
a 150 JJA internal 
current 
source 
pull- 


up 
and 
is compatible 
with 
TTULSTTL 
and 
most 
CMOS 
logic 
families. 
For minimum 
rise time 
add an external 
pull- 


up resistor 
of at least 3.3K ohms. 
Vcc 
must 
be greater 
than 


or equal 
to the supply 
voltage 
for the pull-up 
resistor. 


vo 
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Vcc~----/r---Lr1!. 


N.C. 


Parameter 


Storage 
Temperature 


Operating 
Temperature 


Lead Soldering 
Cycle 


Symbol 


Ts 


TA 


Min. 
Max. 
Units 
Ref. 


-40 
+75 
°C 


0 
+70 
°C 


260 
°C 
Note 
1 


10 
see 


-D.5 
7 
V 
Note 7 


-1 
5 
mA 


25 
mW 


-D.5 
Vcc 
V 


I Temp 
I Time 


Supply 
Voltage 


Output 
Collector 
Current 
(Average) 


Output 
Collector 
Power 
Dissipation 


Output 
Voltage 


Parameter 
Symbol 
Min. 
Typ. (5) 
Max. 
Units 
Conditions 


Receiver 
Input 
Optical 
HFBR-2503 
PR (L) 
-39 
-13.7 
dBm 
0-70°C, 
Vo = VOL 
Power 
Level for 
IOL = 3.2 mA 


Logic 
"0" 
-39 
-13.3 
dBm 
25° C, Vo = VOL 


IOL = 3.2 mA 


Input 
Optical 
Power 
Level 
PR (H) 
-53 
dBm 
VOH = 5.5V, 
for Logic 
"1" 
IOH $40 
JJA 


High 
Level Output 
Voltage 
VOH 
2.4 
V 
IOH =-40 
JJA, 


PR =OJJW 


Low 
Level 
Output 
Voltage 
VOL 
0.4 
V 
IOL = 3.2 mA, 
PR = PRL MIN 


High 
Level Supply 
Current 
ICCH 
1.2 
1.9 
mA 
Vcc 
= 5.5V, PR = 0 JJW 


Low 
Level Supply 
Current 
ICCL 
2.9 
3.7 
mA 
VCC = 5.5V, 


PR ~ PRL (MIN) 


Effective 
Diameter 
DR 
mm 


Numerical 
Aperture 
NAR 
0.5 


Ref. 


Note 
2,3,4 


Notes: 
1. 1.6 mm below seating plane. 
2. Optical flux, P (dBml = 10 Log P (j.LWI/1000j.LW. 
3. Measured at the end of the standard Fiber Optic Cable with large area detector. 
4. Because of the very high sensitivity of the HFBR-2503. the digital output may switch in response to ambient light levels when a cable 
is not occupying the receiver optical port. The desi9ner should take care to filter out signals from this source if they pose a hazard to 
the system. 


5. Typical data is at 25°C, Vcc = 5 V. 
6. Including current in 3.3K pUll-Up resistor. 
7. It is recommended that a bypass capacitor 0.01 j.LFto 0.1 j.LFceramic be connected from pin 3 to pin 4 of the receiver. 
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Snap-in Fiber Optic 
Connector, Bulkhead 
Feedthrough/Splice 
and 
polishing Tools 


HFBR-4501/4511 
CONNECTORS 
HFBR-4505/4515 
BULKHEAD 
FEEDTHROUGHS 


The HFBR--4501 and HFBR--4511 snap-in 
connectors 
termi- 


nate 
low 
cost 
plastic 
fiber 
cable 
and 
mate 
with 
the 


Hewlett-Packard 
HFBR-Q500 family 
of fiber optic 
transmit- 
ters and receivers. They 
are quick 
and easy to install. The 
metal crimp 
ring provides strong 
and stable cable retention 


and the polishing 
technique 
ensures a smooth 
optical finish 


which 
results 
in 
consistently 
high 
optical 
coupling 


efficiency. 


The 
HFBR--4505 and 
HFBR--4515 bulkhead 
feedthroughs 
mate two snap-in 
connectors 
and can be used either as an 
in-line 
splice 
or 
as a panel 
feedthrough 
for 
plastic 
fiber 


cable. 
The 
connector 
to 
connector 
loss 
is 
low 
and 


repeatable. 


For further information on the connectors, please refer to the connectoring section 
of the Versatile Link section of the catalog. 
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INTERFACE 
TO 
HEWLETT-PACKARD 
HFBR-15XX/25XX 


SNAP-IN 
FIBER 
OPTIC 
LINK 
COMPONENTS 


For a step-by-step guide to connectoring plastic cable, please refer to the connectoring section of the Versatile Link section 
of the catalog. 


Mechanical Dimensions All dimensions 
in mm (inches) 


All dimensions 
±O.25 mm unless otherwise 
specified. 
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Versatile Link 
The Versatile Fiber Optic 
Connection 


Features 
• Low Cost Fiber 
Optic 
Components 
• Guaranteed 
Link 
Performance 
over 
Temperature 
Enhanced High Speed Links 
2-50 MBd 
High Speed Links: dc to 5 
MBd 
Extended Distance Links: up 
to 111 meters 
Low Current Link: 6 mA Peak 
Supply Current 
Low Cost Standard 
Link: dc to 
1MBd 
Photo-interrupter 
Link 
• Compact, 
Low Profile 
Packages 
Horizontal and Vertical 
Mounting 
Interlocking 
Feature 
Flame Retardant 
• Easy to Use Receivers 
TTL, CMOS Compatible 
Output Level 
High Noise Immunity 
• Easy Connectoring 
Simplex, Duplex, and 
Latching Connectors 
Flame Retardant 
Material 


• Low Attenuation 
1 mm 
Plastic 
Cable 
Simplex and Zip Cord Style 
Duplex 
Extra Low Loss Simplex and 
Duplex 
UL VW-l Flame Retardancy 
Conformance 
• No Optical 
Design 
Required 
• Auto-Insertable 
and Wave 
Solderable 
• Demonstrated 
Reliability 
at 40°C Exceeds 
2 Million 
HoursMTBF 


Description 
The Versatile Link series is a 
complete family of fiber optic 
link components for applications 
requiring a low cost solution. 
The HFBR-0501 series includes 
transmitters, 
receivers, connec- 


tors and cable specified for easy 
design. This series of compo- 
nents is ideal for solving 
problems with voltage isolation! 
insulation, 
EMI/RFI immunity 
or data security. The Link 
design is simplified by the logic 
compatible receivers and 


complete specifications for each 
component. No optical design is 
necessary. The key optical and 
electrical parameters 
of links 
configured with the HFBR-0501 
family are fully guaranteed 
from 0° to 70°C. A wide variety 
of package configurations 
and 
connectors provide the designer 
with numerous mechanical 
solutions to meet application 
requirements. 
The transmitter 
and receiver components have 
been designed for use in high 
volume/low cost assembly 
processes such as auto insertion 
and wave soldering. 


Versatile Link 
Applications 
• Reduction 
of lightning! 
voltage transient 
susceptibili ty 
• Motor controller 
triggering 
• Data communications 
and 
Local Area Networks 
• Electromagnetic 
Compati- 
bility (EMC) for regulated 
systems: FCC, VDE, CSA, 
etc. 


• Tempest-secure 
data 
processing 
equipment 
• Isolation 
in test and 
measurement 
instruments 
• Error free signaling for 
industrial 
and manufac- 
turing equipment 
• Power supply control 
• Communication 
and isola- 
tion in medical instru- 
ments 


• Noise immune 
communication 
in audio 
and video equipment 
• Remote photo interrupter 
for office and industrial 
equipment 
• Robotics communication 
• PC to peripheral 
links 
• Intra-system 
links; board- 
to-board, rack·to-rack 
• Digitized video 
• Medical instruments 


Typical 


Guaranteed 
Minimum Link Length 
Link Length 
(Meters) 
(Meters) 


0·C-70·C 
25·C 
25·C 
Extra 
Extra 
Extra 
Standard 
Low Loss 
Standard 
Low Loss 
Standard 
LowLos8 
Versatile Link 
Cable 
Cable 
Cable 
Cable 
Cable 
Cable 


50MBd Link 
50MBd 
15 
17 
- 
- 
59 
65 
High Performance 
5MBd 
19 
22 
27 
32 
48 
53 


High Performance 
1MBd 
39 
45 
47 
56 
70 
78 


LowCurrent Link 
40 kBd 
13 
15 
- 
- 
41 
45 
Extended Distance 
40kBd 
94 
111 
103 
121 
138 
154 
Link 


Standard 
1MBd 
8 
10 
17 
20 
43 
48 
Photo Interrupter 
500 kHz 
NA 
NA 
NA 
NA 
NA 
NA 
Evaluation Kit 
1MBd 
Contents: Horizontal transmitter, horizontal receiver packages; 


(Standard) 
5 meters ofsimplexcable with simplex and simplexlatching 
connectorsinstalled; individual connectors:simplex, duplex, 
simplexlatching, bulkhead adapter, polisihng tool, abrasive paper, 
literature. 


I 


Versatile Link Product Family 
50 MBd, 5 MBd, 1 MBd and 40 kBd Fiber 
Optic Links 


Duplex 
Link-Combination 
of Horizontal 
& 
Vertical 
Packages 


Versatile Link Product 
Description 
Mechanical: 
The compact 
Versatile Link package is made 
of a flame retardant 
material 


(UL V-D)in a standard, 
eight 
pin dual-in-line package (DIP) 
with 7.6 millimeter (0.3 inch) 
pin spacing. Vertical and 
horizontal mountable parts are 
available. These low profile 
Versatile Link packages are 
stack able and are enclosed to 
provide a dust resistant 
seal. 


Snap action simplex, simplex 
latching, duplex, and duplex 


latching connectors are offered 
with simplex or duplex cables. 


Electrical: 
Transmitters 
incor- 
porate a 660 nanometer light 
emitting diode (LED). Receivers 
include a monolithic dc coupled, 
digitallC 
receiver with open 
collector Schottky output trans- 
istor. An internal pullup 
resistor is available 
for use in 
the HFBR-25Xl/2/4 receivers. 
Transmitter 
and receiver are 
compatible with standard TTL 
circuitry. A shield has been 
integrated 
into the receiver IC 


to provide additional, localized 
noise immunity. 


Optical: 
Internal 
optics have 
been optimized for use with 1 
mm diameter plastic optical 
fiber. Versatile Link specifica- 
tions incorporate all component 
interface losses. Therefore, the 
need of optical calculations for 
common link applications is 
eliminated. 


Optical power budget is 
graphically displayed to facili- 
tate electrical design for 
customized links. 


Designing with 
Versatile Link 
When designing with Versatile 
Link the following topics should 
be considered: 


Distance and Data Rate 
Distances and data rates 
guaranteed 
with Versatile Link 
depend upon the Versatile Link 
transmitter/receiver 
pair 
chosen. 


Typically a data rate require- 
ment is first specified. This 
determines 
the choice of the 50 
MBd, 5 MBd, 1 MBd, or 40 kBd 
Versatile Link components. 
Distances guaranteed 
with 
Versatile Link then depend 
upon choice of cable, specific 
drive condition and circuit 
configuration. 
Extended 
distance operation is possible 
with pulsed operation of the 
LED (see Figure 2a, 2b, 2c, 2d, 
2e, and 2f dotted lines.) 


Drive circuits are described in 
the Link Design sections. Cable 
is discussed in the Plastic Cable 
section. Pulsed operation of the 
LED at larger current will 
result in increased pulse width 
distortion of the receiver output 
signal. 


Versatile Link can also be used 
as a photo interrupter 
at 
frequencies up to 500 KHz. 


Package 
Orientation 
As shown in the photograph 
Versatile Link is available in 
vertical and horizontal 
packages. Performance 
and 
pinouts for the two packages are 
identical. To provide additional 
attachment 
support for the 
Vertical Versatile Link housing, 
the designer has the option of 
using a self-tapping screw 


through a printed circuit board 
into a mounting hole at the 
bottom of the package. For most 
applications this is not 
necessary. 


Package Housing Color 
Versatile Link components and 
simplex connectors are color 
coded to eliminate confusion 
when making connections. The 
HFBR-15XlI2I4/6 transmitters 
are gray and the HFBR-25XlI2I 
3/4/6 receivers are blue. The 
HFBR-15X3 transmitter 
is 
black. 


All of the above transmitter 
and 
receivers are also available in 
black versions for special 
applications. These black com- 
ponents combined with black 
fiber optic cable form a "black 
link" which has superior 
immunity to external light. The 
black link is appropriate 
where 
improved housing opacity is 
required due to very bright 
ambient light or bright flashes 
of light. Black link components 
are otherwise identical to blue 
and gray components. 


Connector 
Style 
As shown, Versatile Link can be 
used with snap-in connectors: 
simplex, simplex latching, 
duplex, and duplex latching. 


The simplex connector is 
intended for applications 
requiring simple, stable 
connection capability with a 
moderate retention force. The 
simplex latching connector 
provides similar convenience 
with a larger retention force. 
Connector/cable retention force 
can be improved by using an 
RTV adhesive within the 
connector. A suggested adhesive 


is GE Company RTV-128 or 
Dow Corning 3154. 


The duplex connector connects a 
cable containing two fibers to 
two similar Versatile Link 
components. A lockout feature 
ensures the connection can be 
made in only one orientation. 
The duplex connector is 
intended for Versatile Link 
components interlocked 
together as discussed in the 
next section. 


Stacking 
Versatile Link components can 
be stacked or interlocked 
together to minimize use of 
printed circuit board space and 
provide efficient, dual connec- 
tions with the duplex connector. 
Up to eight identical package 
styles can be interlocked and 
inserted by hand into a printed 
circuit board without difficulty. 
However, auto-insertion 
of 
stacked units becomes limited 
when more than two packages 
are interlocked together. 


Plastic Cable 
Two 1 mm plastic cable versions 
are available: simplex (single 
channel) and marked duplex 
(dual channel). Each version of 
the low optical loss cable 
complies with the UL VW-1 
flame retardancy 
specification. 


Two grades of plastic cable are 
available: standard 
attenuation 
and extra low-loss attenuation. 
Extra low-loss cable is 
recommended for applications 
requiring longer distance needs, 
as reflected in the Link 
Selection Guide. Flexible cable 
construction allows simple cable 
installation 
techniques. 
Cables 
are discussed in detail in the 
Plastic Cable section. 


• 


Accessories 
A variety of accessories are 
available. The bulkhead feed- 
through adapter discussed in 
the Mechanical Dimensions 
section is designed to mate two 
simplex snap-in connectors to 
act as either a splice or panel 
feedthrough 
for a panel 
thickness 
<4.1 mm (0.16 inch). 


Several accessories are offered 
to help with proper 
fiber/connector 
polishing. These 
are shown in the Mechanical 
Dimensions section. 


Manufacturing with 
Versatile Link 
Non-stacked Versatile Link 
parts require no special 
handling 
during assembly of 


units onto printed circuit 
boards. Versatile Link 
components are auto-insertable. 
When wave soldering is 
performed with Versatile Link 
components, an optical port 
plug is recommended to be used 
to prevent contamination 
of the 
port. Water soluble fluxes, not 
rosin based fluxes, are recom- 
mended for use with Versatile 
Link components. 


Refer to the Connectoring 
Section for details of connectors 
and cable connectoring. 


Versatile Link 
Performance 
50 MBd Link Performance 
The HFBR-15X6 transmitter 
is 
a 660 nm LED in a low cost 


plastic housing designed to 
efficiently couple power into 
1 mm diameter 
plastic optical 
fiber. With the recommended 
drive circuit, the LED operates 
at speeds from 2-50 MBd. The 
HFBR-25X6 is a high band- 
width analog receiver with a 
PIN photo diode and internal 
transimpedance 
amplifier. The 
transmitter 
and receiver 
interface to plastic optical fiber, 
which is easily terminated 
with 
the HP Versatile Link family 
connectors. These components 
can be used for high speed data 
links without the problems 
common to copper wire 
solutions at a competitive cost. 


HFBR·0506 Series 
50 MBd Data Link 
Data link operating conditions 
and performance 
are specified 
for the HFBR-15X6 transmitter 
and HFBR-26X6 receiver in the 


recommended applications 
circuits shown in Figures 1, 2, 
and 3. These circuits have been 
optimized for 50 MBd operation. 
The Applications Engineering 
Department 
in the Hewlett- 


Packard Optical Communica- 
tion Division is available to 
assist in optimizing link per- 
formance for higher or lower 
speed operation. 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Ambient Temperature 
TA 
0 
70 
°C 


Supply Voltage 
Vcc 
+4.75 
+5.25 
V 


Data Input Voltage - Low 
V1L 
Vcc - 1.89 
Vcc-1.62 
V 


Data Input Voltage - High 
VIH 
Vcc-1.06 
Vcc- 0.70 
V 


Data Output Load 
RL 
45 
55 
n 
Note 1 


Signaling Rate 
fs 
2 
50 
MBd 


Duty Cycle 
D.C. 
40 
60 
% 
Note 2 


Link Performance: 
2-50 MBd, BER ~ 10-9, under recommended operating conditions with 
recommended 
transmit 
and receive application circuits, with transmitter 
and receiver locked together. 


Parameter 
Symbol 
Min,l3l 
Typ.l4l 
Max. 
Unit 
Condition 
Reference 


Optical Power Budget 
16.5 
dB 
25°C 
with 1 mm Plastic 
OPB 
Optical Fiber 
8.1 
14.0 
dB 
0-70°C 
Note 5 


Link Distance with 
59 
m 
25°C 
Standard 
Cable 
~ 
15 
42 
m 
0-70°C 
Note 6,7,8 


Link Distance with 
65 
m 
25°C 
Extra Low Loss Cable 
~ 
17 
46 
m 
0-70°C 
Note 6, 7, 8 


Notes: 
1. If the output 
ofU1C 
in Figure 
2, 
page 106 is transmitted 
via coaxial 
cable, termioate 
with 
a 50 n resistor 
to Vee - 2V. 
2. Run length 
limited 
code with 
maxi- 
mum run length 
of 10 f18. 
3. Minimum 
link performance 
is 
projected 
based 
on the worst 
case 


specifications 
of the HFBR-15X6 
transmitter, 
HFBR-25X6 
receiver, 
and cable 
attenuation, 
and the typical 
performance 
of other 
circuit 
compo- 
nents 
(e.g. logic gates, 
transistors, 


resistors, 
capacitors, 
quantizer). 


4. Typical 
performance 
measured 
with 
typical 
values 
of all circuit 
components. 


5. When 
the transmitter 
and receiver 
are separated 
by at least 
4 em, the 
minimum 
optical 
power budget 
is 
10_1 dB. When 
the transmitter 
and 
receiver 
are locked together, 
coupled 
electrical 
noise (crosstalk) 
from the 
transmitter 
circuit 
reduces 
the 
receiver 
sensitivity 
by 2 dB, and the 
minimum 
optical 
power budget 
is also 
reduced 
by 2 dB to 8.1 dB as specified 
in the table 
above. 
6. Standard 
cable is HFBR-RXXYYY 
plastic 
optical 
fiber, with a maximum 
attenuation 
of 0.240 dBlm at 650 nm 
and NA = 0.5. Extra 
low loss cable is 
HFBR-EXXYYY 
plastic 
optical 
fiber, 


with a maximum 
attenuation 
of 0.190 
dB/m at 650 nm and NA = 0.5. 


7. Minimum 
link distances 
when 
the 


transmitter 
and receiver 
are sepa- 
rated 
by at least 
4 em is 23 metres 
for 
standard 
cable and 25 metres 
for 
extra 
low loss cable (see Note 
5). 


8. Plastic 
optical 
fiber has a spectral 
attenuation 
minimum 
at 650 nm. 


Because 
the LED wavelength 
shifts 


with temperature, 
the minimum 
link 
distance 
over 0-70°C is less than 
the 


optical 
power budget 
(OPB) divided 
by the maximum 
attenuation 
of the 
fiber at 650 
nm. From 
25°C to 70°C, 


the LED wavelength 
increases 
as 


much 
as 10 nm, causing 
the fiber 
attenuation 
at 70°C to be as much as 


0.5 dB/m greater 
than 
the attenuation 
at 25°C. 
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50 MBd Link Design Considerations 
Transmitter 
Application Circuit: Perfonnance 
of the HFBR-15X6 transmitter 
in the 
recommended 
application 
circuit (Figure 
1); 2-50 MBd, 25°C, unless otherwise 
stated. 


Parameter 
Symbol 
Typical 
Unit 
Condition 
Reference 


Average Optical Power 
Pavg 
-8.8 
dBm 
50% Duty Cycle 
Note 1, 
130 
~W 
Figure 4 


Average Modulated 
Power 
Pmod 
-12.2 
dBm 
Note 2, 


60 
~W 
Figure 4 


Optical Rise Time (10% to 90%) 
t,. 
5.0 
ns 
1 MHz 


Optical Fall Time (90% to 10%) 
tr 
6.0 
ns 
1 MHz 


Extinction 
Ratio 
2.8:1 


Optical Overshoot 
50 
% 


Hold-on Current 
10 
30 
mA 
Note 3 


Transmitter 
Application 
Circuit 
Ice 
240 
mA 
Figure 
1 
Current 
Consumption 


Receiver Application Circuit: Perfonnance[41 of the HFBR-25X6 
receiver in the recommended 


application 
circuit (Figure 2); 2-50 MBd, 25°C, unless otherwise 
stated. 


Parameter 
Symbol 
Typical 
Unit 
Condition 
Reference 


Data Output 
Voltage - Low 
VOL 
Vee - 1.7 
V 
RL=50n 
Note 5 


Data Output 
Voltage - High 
VOH 
Vee - 0.9 
V 
RL=50n 
Note 5 


Receiver Sensitivity 
to Average 
Pmin 
-28.7 
dBm 
50% eye opening 
Note 2, 6 
Modulated 
Optical Power 
1.4 
~W 


Receiver Overdrive 
Level of Average 
Pmax 
-8.4 . 
dBm 
50% eye opening 
Note 2 
Modulated 
Optical Power 
145 
~W 


Receiver Application 
Circuit 
Ice 
85 
mA 
RL= Inf. 
Figure 2 
Current 
Consumption 


Notes: 
1. Average optical power is measured 
with an average 
power meter, 
at a 50% duty cycle. 


2. To allow the LED to switch at high speeds, the recommended 
drive circuit never switches 
the LED fully ofT;the light output 


power is modulated 
between 
two non-zero power levels. The modulated 
(useful) power is the difference 
between 
the high and 


low level of light output 
power (transmitted) 
or input power (received), 
which can be measured 
with an average 
power meter 
as 
a function 
of duty cycle (see Figure 
4). Average 
modulalJ!d 
power is defined as one half the slope of the average 
power versus 
duty cycle: 


Average 
Modulated 
Power =[Pavg@ 
80% duty cycle -P.vg@20%dutycycle] 


(2)[0.80 - 0.20] 
3. Hold-on Current 
is the low light level current 
through 
the HFBR-15X6 
transmitter. 


4. Performance 
in response 
to a signal from the HFBR-I5X6 
driven with the recommended 
circuit at 2-50 MBd over 1-17 metres 


ofHFBR-RlEXXYYY 
plastic optical fiber. 


5. Terminated 
through 
a 50 nresistor 
to Vcc - 2 V. 


6. When the transmitter 
and receiver 
are separated 
by at least 4 cm, the receiver 
sensitivity 
is -30.7 dBm. However, 
when the 
transmitter 
and receiver 
are locked together, 
coupled electrical 
noise (cro88talk) from the transmitter 
circuit reduces 
the 
receiver 
sensitivity 
by 2 dB to -28.7 dBm. 


7.1fthere 
is no input optical power to the receiver, 
electrical 
noise can result 
in false triggering 
of the receiver. 
In typical 
applications, 
data encoding 
and error detection 
prevent 
random 
triggering 
from being interpreted 
as valid data. Refer to 
Application 
Note 1045 for design guidelines. 
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5 MBd., 1 MBd., and 40 
kBd Link Performance 
The 5 Megabaud (MBd) 
Versatile Link is guaranteed 
to 
perform from dc to 5 Mbls 
(megabits per second, NRZ). 
Distances up to 22 meters are 
guaranteed 
when the transmit- 
ter is driven with a current of 
60 milliamperes. 
This repre- 
sents worst case performance 
throughout 
the temperature 
range of 0 to 70 degrees centi- 
grade. With the required drive 
circuit of Figure lb and at 60 
milliamp drive current, the 
High Performance 
1 Megabaud 


Versatile Link has guaranteed 
performance over 0° to 70°C 
from dc to 1 Mbls (NRZ) up to 
45 meters. 


The low current link requires 
only 6 mA peak supply current 
for the transmitter 
and receiver 
combined to achieve a 15 meter 
link. Extended distances up to 
111 meters can be achieved at a 
maximum transmitter 
drive 
current of 60 mA peak. The 40 
kBd Versatile Link is guaran- 
teed to perform from dc to 
40 kbls (NRZ) over 0° - to 70°C 
up to the distances just 
described. 


Receivers are compatible with 
LSTTL, Tl'L, CMOS logic levels 
and offer a choice of an internal 
pull-up resistor or an open 
collector output. Horizontal or 
vertical packages provide 
identical performance 
and are 
compatible with simplex, 
simplex latching, duplex, and 
duplex latching connectors. 
Refer to the Connector Section 
and the Cable Section for 
further 
information 
about these 
products. A list of specific part 
numbers is found below and in 
the Link Selection Guide. 


Cable Link Length 
(O°C-70°C) 


Horizontal 
Vertical 
Standard 
Extra 
Low 
Versatile 
Link 
Unit 
Package 
Package 
Cable 
Loss Cable 


High Performance 
5MBd 
Tx 
HFBR-1521 
HFBR-1531 
19 meters 
22 meters 


Rx 
HFBR-2521 
HFBR-2531 


High Performance 
IMBd 
Tx 
HFBR-1522 
HFBR-1532 
39 meters 
45 meters 


Rx 
HFBR-2522 
HFBR-2532 


Low Current) 
40kBd 
Tx 
HFBR-1523 
HFBR-1533 
13 meters! 
15 meters! 
Extended 
Distance 
94 meters 
111 meters 
Rx 
HFBR-2523 
HFBR-2533 


Standard 
IMBd 
Tx 
HFBR-1524 
HFBR-1534 
8 meters 
10 meters 


Rx 
HFBR-2524 
HFBR-2534 
• 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Ambient 
Temperature 
TA 
0 
70 
°C 


Transmitter 
Peak Forward 
Current 
IFPK 
10 
750 
mA 
Note 1,8 


Average Forward 
Current 
IFAv 
60 
mA 


Receiver 
HFBR-25X3 
Vcc 
4.50 
5.50 
V 
Note 2 
Supply Voltage 
HFBR-25X1I25X2125X4 
4.75 
5.25 


Output 
Voltage 
HFBR-25X3 
Vo 
Vcc 
V 


HFBR-25X1I25X2125X4 
18 


Fanout 
(TTL) 
HFBR-25X3 
N 
1 


HFBR-25X1I25X2125X4 
5 


Link 
Parameter 
Symbol 
Min. 
Typ.'5J 
Max. 
Units 
Conditions 
Ref. 


High 
Data Rate 
de 
5 
MBd 
BER S 10-9,PRBS: 27_1 
Performance 
5MBd 
Link Distance 
Q 
19 
m 
IFde= 60 mA 
Fig.2a 


with 
Note 7 


Standard Cable 
27 
48 
m 
IFde = 60 mA, 25°C 


Link Distance 
Q 
22 
m 
IFde= 60 mA 
Fig.2b 


with Extra Low 
Note 7 


Loss Cable 
32 
53 
m 
IFde = 60 mA, 25°C 


Propagation 
tpLH 
80 
140 
ns 
RL=560n,CL=30pF 
Fig. 3,5 


Delay 
Q= 0.5 metre 
Notes 3, 


tpHL 
50 
140 
ns 
-21.6 S PR S -9.5 dBm 
6 


Pulse Width 
tD 
30 
ns 
PR= -15 dBm 
Fig. 3, 4 


Distortion 
RL = 560 n, CL = 30 pF 
Note 4 


High 
Data Rate 
dc 
1 
MBd 
BER S 10-9,PRBS: 27_1 
Performance 
1MBd 
Link Distance 
Q 
39 
m 
IFde= 60 mA 
Fig.2a 


with 
Notes 1, 


Standard Cable 
47 
70 
m 
IFde = 60 mA, 25°C 
7,8 
Link Distance 
Q 
45 
m 
IFde= 60 mA 
Fig.2b 
with Extra Low 
Notes 1, 


Loss Cable 
56 
78 
m 
IFde = 60 mA, 25°C 
7,8 
Propagation 
tpLH 
180 
250 
ns 
RL = 560 n, CL = 30 pF 
Fig. 3, 5 


Delay 
Q = 0.5 metre 
Notes 3, 


tpHL 
100 
140 
ns 
PR=-24 dBm 
8 


Pulse Width 
tD 
80 
ns 
PR=-24dBm 
Fig. 3,4 


Distortion 
RL = 560 n, CL = 30 pF 
Notes 4, 


8 


System Performance 
Under recommended 
operating conditions unless otherwise specified, 
contd. 


Link 
Parameter 
Symbol 
MiD. 
Typ,l51 
Max. 
Units 
Conditions 
Ref. 


Low Current/ 
Data Rate 
dc 
40 
kBd 
BER ~ 10'9, PRBS: 27 -1 


Extended 
Distance 
Link Distance 
Q 
13 
41 
m 
IFde= 2 mA 
Fig.2c 
40kBd 
with 
Note 7 
Standard 
Cable 
94 
138 
m 
IFde= 60 mA 
.- 


Link Distance 
Q 
15 
45 
m 
IFde=2mA 
Fig.2d 
with Extra 
Low 
Note 7 
Loss Cable 
111 
154 
m 
IFde= 60 mA 


Propagation 
tpLII 
4 
jLs 
RL = 3.3 kil, CL = 30 pF 
Fig. 3, 7 
Delay 
Q = 1 metre 
Note 3 
tpHL 
2.5 
jLS 
PR=-25 
dBm 


Pulse Width 
to 
7.0 
jLs 
-39 ~ PR~ -14 dBm 
Fig. 3, 6 
Distortion 
RL = 3.3 kil, CL = 30 pF 
Note 4 


Standard 
Data Rate 
Q 
dc 
1 
MBd 
BER ~ 10'9, PRBS: 27 - 1 


IMBd 
Link Distance 
Q 
8 
m 
IFde= 60 mA 
Fig.2e 
with 
Notes 1, 


Standard 
Cable 
17 
43 
m 
IFde = 60 mA, 25°C 
7,8 


Link Distance 
10 
m 
IFde= 60 mA 
Fig.2f 
with Extra 
Low 
Notes 1, 


Loss Cable 
19 
48 
m 
IFde = 60 mA, 25°C 
7,8 


Propagation 
tpLII 
180 
250 
ns 
RL = 560 n, CL = 30 pF 
Fig. 3, 5 
Delay 
Q = 0.5 metre 
Notes 3, 
tpHL 
100 
140 
ns 
PR=-20 
dBm 
8 


Pulse Width 
to 
80 
ns 
PR=-20 
dBm 
Fig. 3, 4 
Distortion 
RL = 560 n, CL = 30 pF 
Notes 4, 


8 


Notes: 
1. For IFPK > 80 mA, the duty factor 
must 
be such as to keep IFDC S 80 mA. In addition, 
for IpPl{ > 80 mA, the following 
rules 
for 
pulse 
width 
apply: 
IpPl{ S 160 mA: Pulse 
width 
SIms 
IpPl{ ~ 160 mA: Pulse 
width 
S 11"', period 
~ 20 .,s. 


2. It is essential 
that 
a bypass 
capacitor, 
0.11'1" ceramic, 
be connected 
from pin 2 to pin 3 of the HFBR-25XlI25X2125X4 
receivers 
and from pin 2 to pin 4 of the HFBR-25X3 
receiver. 
Total 
lead length 
between 
both ends ofthe 
capacitor 
and the supply 
pins 
should 
not exceed 
20 mm. 


3. The propagation 
delay for one metre 
of cable is typically 
5 ns. 


4. tn = tpLH 
• tpHL. 
5. Typical 
data 
is at 25°C, Vcc = 5 V. 


6. Typical 
propagation 
delay is measured 
at PH = -15 dBm. 


7. Estimated 
typical 
link life expectancy 
at 40°C exceeds 
10 years 
at 60 mA. 


8. Pulsed 
LED operation 
at IpPl{ > 80 mA will cause 
increased 
link tpLH propagation 
delay time. 
This extended 
tPLH time 
con. 
tributes 
to increased 
pulse 
width 
distortion 
of the receiver 
output 
signal. 
9. Pins 
5 and 8 of both the transmitter 
and receiver 
are for mounting 
and retaining 
purposes 
only. Do not electrically 
connect 
pin 
5 and/or 
pin 8. 
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5 MBd, 1 MBd, and 40 
kBd Link Design 
Considerations 
Simple interface 
circuits for use 


with the 5 MBd, I MBd and 40 
kBd Versatile 
Links are shown 


in Figure 
1. The value of the 
transmitter 
drive current 
depends 
upon the desired link 
distance. 
This is shown in 
Figures 
2a through 
2f. After 
selecting a value of transmitter 
drive current, 
IF' the value of Rl 
can be determined 
with the aid 


of Figures 
la, lb, and ld. Note 
that the 5 MBd and 40 kBd 
Versatile 
Links can have an 
overdrive 
and underdrive 
limit 
for the chosen value ofIF while 
the I MBd Versatile 
Link has 
only an underdrive 
limit. Dotted 
lines in Figures 
2a through 
2f 
represent 
pulsed operation 
for 
extended 
link distance 
require- 


ments. 
For the HFBR-1522/ 
l532/l5241l534 
interface 
circuit, the RICI time constant 
must be > 75 ns. Conditions 


described 
in Note I must be met 


for pulse operation. 
Refer to 


Note 8 for performance 
com- 


ments when pulse operation 
is 


used. 


All specifications 
are guard- 


banded 
for worst case conditions 


between 
0 to 70 degrees centi- 


grade. All tolerances 
and 


variations 
(including 
end-of-line 


transmitter 
power, receiver 


sensitivity, 
coupling variances 


connector 
and cable variations) 


are taken 
into account. 


Figure 
1a. Typical 
Interface 
Circuit 
for the HFBR-1521/1531, the 5 MBd Versatile 
Link 
(dc to 5 MBd). 


HFBR-2522/2532 
(1 MBd-HIGH 
PERFORMANCE LINK) 


r- """-""~""""-",,","""" 


I 
HFBR-1524/1534 


Rl 
=: Vcc- 
VF ~ VOL(7S45ll 


IF 


Figure 
lb. Required 
Interface 
Circuit 
for the HFBR-15221 
15321152411534, 
the 1 MBd Versatile 
Link (dc to 1MBd). 
. ~ 


Rl V 
IF 


Figure 
1d. Typical 
Interface 
Circuit 
for the HFBR-152311533, 


the 40 kBd Versatile 
Link 
(dc to 40 kBd). 


PIN 
T. 
A. 


1 
ANODE 
v. 


2 
CATHODe 
GND 


3 
OPEN 
Vcc 


4 
OPEN 
A, 


5 
PIN S" 
PIN S' 
a 
PIN 5' 
PIN S' 


Figure 
1c. Electrical 
Pin Aasignments 
for 


5 MBd and 1 MBd Transmitters 
and 


Receivers . 


PIN 
T. 
A. 


1 
ANODE 
v. 
I 


2 
CATHODE 
GND 


3 
OPEN 
OPEN 


4 
OPEN 
Vco 


L~ 


PIN S' 
PIN S' 


PIN 5' 
PIN 
S' 


'PINS 5 AND 8 CONNECTED 
INTERNALLY 


TO EACH OTHER ONLY. 
Figure 
Ie. Electrical 
Pin Assignments 
for 


40 kBd Tranamitters 
and Receivers. 
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Figure 2a. Guaranteed 
System Performance for the 
HFBR·15X1I25Xland HFBR·15X2125X2Links with 
Standard Cable. 


Figure 2b. Guaranteed System Performance for the 
HFBR·15X1I25Xland HFBR·l5X2125X2Unka with Elrtra 
Low Loes Cable. 
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Figure 4. Typical HFBR-IGXll25Xl. HFBR-l5X2125X2and 
HFBR-IGX4I25X4Link Pulse Width Distortion 
VB. 
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Figure 5. Typical HFBR-IGXll25Xl. HFBR-l5X2125X2 
and HFBR-15X4I25X4Link Propagation 
Delay VB. 
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Figure 6. Typical HFBR.IGX3I·25X3 
UnIt Pulse Width Distortion va. 
Optical Power. 


Photo-interrupter 
Link 
Performance 
20 kHz (40 kBd) Link, 
500 kHz (1MBd) Link 


Versatile 
Link may be used as a 
photo-interrupter 
in optical 
switches, 
shaft position sensors, 
velocity sensors, 
position 
sensors, 
and other similar appli- 
cations. This link is particularly 
useful where high voltage, 
electrical 
noise, or explosive 
environments 
prohibit 
the use 
of electromechanical 
or optoelec- 
tronic sensors. The 20 kHz 


j 


tPLH 


" 


....- 
" 


tpHl 


Figure 7. Typical HFBR.IGX31·25X3 
UnIt Propagation Delay va. Optical 
Power. 


(40 kBd) transmitter/receiver 
pair has an optical power 
budget of 25 dB. The 500 kHz (l 
MBd) transmitter/receiver 
pair 
has an optical power budget of 
10 dB. Total system losses 
(cable attenuation, 
air gap loss, 
etc.) must not exceed the link 
optical power budget. 


Recommended 
Operating Conditions 
Recommended 
operating 
condi· 
tions are identical 
to those of 
the Low CurrentlExtended 


Distance 
and High Performance 
1 MBd links. Refer to page 15. 


System Performance 
These specifications 
apply when 
using Standard 
and Extra·Low 
Loss cable and, unless otherwise 
specified, under recommended 
operating 
conditions. 
Refer to 
the appropriate 
link data on 
pages 5·17 and 5·18 for addi- 
tional design information. 


Parameter 
Min. 
Typ.1lJ 
Max. 
Units 
Conditions 
Ref. 


HFBR-15X3/25X3 


Max. Count Frequency 
dc 
20 
kHz 


Optical Power Budget 
25.4 
dB 
IFdc = 60 mA, 0-70°C 
Note 2 


27.8 
34 
dB 
IFdc = 60 mA, 25°C 


HFBR·15X2125X2 


Max. Count Frequency 
dc 
500 
kHz 


Optical Power Budget 
10.4 
dB 
IFdc = 60 mA, 0-70°C 
Note 2 


12.8 
15.6 
dB 
IFdc = 60 mA, 25°C 


1. Typical 
data i. at TA = 25°C. Vcc = 5 V. 
2. Optical 
Power 
Budget 
= PT min. = Pa (L) min. Refer to the Link Design 
section 
for additional 
design 
information. 
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Photo-interrupter 
Link 
Design Considerations 
The fiber optic Transmitter/ 
Receiver pair is intended 
for 
applications 
where the photo 
interrupter 
must be physically 
separated 
from the optoelec- 


tronic emitter 
and detector This 
separation 
would be useful 
where high voltage, electrical 
noise or explosive environments 
prohibit 
the use of electronic 
devices. To ensure 
reliable 
long 
term operation, 
link design for 
this application 
should operate 
with an ample optical power 
margin 
aM ~ 3 dB, since the 
exposed fiber ends are subject to 
environmental 
contamination 
that will increase 
the optical 


attenuation 
of the slot with 
time. A graph of air gap separa- 
tion versus 
attenuation 
for 
clean fiber ends with minimum 
radial 
error:!> 0.127 mm (0.005 
inches) and angular 
error 
(:!>3.00)is provided In Figure 8. 


The following equations 
can be 
used to determine 
the transmit- 
ter output 
power, PT, for both 
the overdrive 
and underdrive 
cases. Overdrive 
is defined as a 
condition where excessive 
optical power is delivered 
to the 
receiver. The first equation 
calculates, 
for a predetermined 
link length and slot attenuation. 
The maximum 
PT in order not to 
overdrive 
the receiver The 
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second equation 
defines the 
minimum 
PT allowed for link 
operation 
to prevent 
underdrive 
condition from occurring, 
where 
a.. is the fiber attenuation. 


PT (MAX) - PR (MAX) :!> a.. MIN .Q 
+ aswr 
Eq.1 


PT (MIN) - PRL (MIN) ~ naMAX Q 
+ aswr.aM 
Eq.2 


Once PT (MIN) has been deter- 
mined in the second equation 
for a specific link length (I), slot 
attenuation 
(aswr) and margin 
(aM). Figure 9 can then be used 
to find IF. 


+10 


E 
+5 
~ 
a:~ 
12 
-5 
~ 
" 
u 
-10 
Ii: 
0 
•... 
-15 
~ 
•... 
:> 
-20 
0 
I.r 
-25 


PTIM\XI 
----- 
--- 
..---...- 
l- 


~ - 
---- 
PT~INl 


Figure 9. Typical HFBR-15X3l15X2Optical 
Power VB.Transmitter 
IF (O-70"C). 


HORIZONTAL 
MODUI.ES 


HFBR-1521/1522/152411526 
(GRAY), 
HFBR-1523 
(BLACK) 
HFBR-252112522125231252412526 
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TRANSMITIEAS 
RECEIVERS 
RECEIVERS 
TRANSMITIERS 
RECEIVERS 
EXCLUDING 
PIN NO. 
HFBR-1SXX 
HFBR·2SX3 
HFBR·2SX3 
HFBR·1SX6 
HFBA·2SX6 


1 
ANODE 
Vo 
Vo 
ANODE 
SIGNAL 


2 
CATHODE 
GROUND 
GROUND 
CATHODE 
GROUND 


3 
OPEN 
V" 
OPEN 
GROUND' 
GROUND 
• 
OPEN 
R, 
V" 
GROUND' 
Vcc (-tSVj 
5 
PIN S·' 
PINS'· 
PIN S" 
PIN 8'· 
PIN S" 


B 
PIN SU 
PIN 5'" 
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PIN 5" 
PIN 5"' 
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.62 


(0.3001 


2.54 __ 


(0.100) 


2.25 
(0.090) 
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HOLE 
FOR OPTIONAL 


VERTICAL 
MOUNT 


SElF- 
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=2. 


I --I~~--- 
PCB EDGE 
--- 
I- 
(0.068) 


Interlocked (Stacked) 
Assemblies 
Recommended stacking assem- 
bly of horizontal packages is 
easily accomplished by placing 
units upside down with pins 
facing upward. Initially engage 
the interlocking mechanism by 
sliding the L bracket body from 
above into the L slot body of the 
lower package. Lay the partially 
interlocked units on a flat sur- 
face and push down with a thin, 
rigid, rectangular 
edged object 
to bring all stacked units into 
uniform alignment. This tech- 
nique prevents potential harm 


that could occur to fingers and 
hands of assemblers from the 
package pins. Refer to Figure 1 
below that illustrates 
this 
assembly. Stacked horizontal 
packages can be disengaged 
should there be a need to do so. 
Repeated stacking and unstack- 
ing causes no damage to 
individual units. 


Recommended stacking of 
vertical packages is to hold two 
vertical units, one in each hand, 
with the pins facing away from 
the assembler and the optical 
ports located in the bottom front 


I 
10.16 !O.127 
PIN TO IDENTICAL 
PIN OF 


VIO.400) 
! 0.005) ADJACENT 
PACKAGE SPACING 


MAXIMUM 
OF EIGHT INTERLOCKED 
?ACKAGES. 


of each unit. Engage completely, 
the L bracket unit from above 
into the lower L slot unit. Pack- 
age to package alignment is 
easily insured by laying the full, 
flat, bottom side of the assem- 
bled units onto a flat surface 
pushing with a finger the two 
packages into complete, parallel 
alignment. The thin rectangular 
edged tool, used for horizontal 
package alignment, 
is not 
needed with the vertical pack- 
ages. Stacked vertical packages 
can be disengaged should there 
be a need to do so. Repeated 
stacking and unstacking 
causes 
no damage to individual units. 


I 


~(~~~6~~:~):'~J~gE~~~~~CK~LG~I~p~~ING 


MAXIMUM 
OF 
EIGHT 
INTERLOCKED 
PACKAGES. 


Versatile Link 
Transmitters 
and 
Receivers 
50 MBd Link 
Transmitters 
HFBR-15261-1536 
(50 MBd) 
The HFBR-15X6 
transmitters 
incorporate 
a 660 nanometre 
LED in a horizontal 
(HFBR- 
1526) or vertical 
(HFBR-1536) 
gray housing. The HFBR-15X6 
transmitters 
are suitable 
for use 


with current 
peaking to de- 
crease the response 
times, and 
can be used with HFBR-25X6 
receivers 
in data links operating 
at signal rates from 2 to 50 
megabaud 
over 1 mm diameter 
plastic optical fiber. Refer to 
Application 
Note 1045 for 
details of recommended 
inter- 
face circuits. 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-40 
75 
°C 


Operating 
Temperature 
TA 
0 
70 
°C 


Lead Soldering 
Temperature 
260 
°C 
Note 1 


Cycle Time 
3 
s 


Forward 
Input Current 
Peak 
IFPK 
500 
mA 
15 % duty cycle ~ 1 KHz 


Forward 
Input Current 
Average 
IFavg 
80 
mA 


Reverse Input Voltage 
VR 
5 
V 


" 


CAUTION, 
The small junction 
sizes inherent to the design of this component increases the component's 


susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken 


in handling 
and assembly of this component to prevent damage and / or degradation 
which may be induced by 


ESD. 


Parameter 
Symbol 
Min. 
Typ.[21 
Max. 
Unit 
Condition 
Ref. 


Peak Output 
Optical 
PT 
-12.0 
-9.6 
-7.8 
dBm 
IFdc = 60 mA, 25°C 
Note 3 
Power 
-13.6 
-6.9 
dBm 
IFdc = 60 mA, 0-70°C 


Output 
Optical Power 
6PT/6T 
-0.036 
dB/oC 
IFdc = 60mA 
Temperature 
Coefficient 


Peak Emission 
ApK 
655 
660 
670 
nm 
25°C 
Wavelength 
645 
680 
nm 
0-70°C 


Spectral 
Width 
FWHM 
30 
nm 
Full Width, 
Half Maximum 


Forward 
Voltage 
VF 
1.45 
1.67 
2.02 
V 
IFdc = 60 mA 


Forward 
Voltage 
tNF/6T 
-1.37 
mVrC 
IFdc = 60 mA 
Temperature 
Coefficient 


Thermal 
Resistance, 
°jc 
140 
°CIW 
Note 4 
Junction 
to Case 


Numerical 
Aperture 
NA 
0.5 


Reverse Input 
VBK 
5.0 
11.0 
V 
IFdc = -10 I!A, 


Breakdown 
Voltage 
25°C 


Diode Capacitance 
Co 
100 
pF 
VF = 0 
f = 1 MHz 


Unpeaked 
Optical Rise 
t,. 
45 
ns 
IFdc= 60 mA 
Figure 
1, 


Time, 10%-90% 
f = 100kHz 
Note 5 


Un peaked Optical Fall 
11- 
20 
ns 
IFdc= 60 mA 
Figure 
1, 


Time, 90%-10% 
f = 100kHz 
Note 5 


Notes: 
1. 1.6 nun below seating 
plane. 
2. Typical 
data 
is at 25°C. 


3. Optical 
power 
measured 
at the end of 
0.5 metres 
of 1 mm diameter 
plastic 
optical 
fiber with large 
area 
detector. 


4. Typical 
value 
measured 
from junction 
to PC board 
solder joint 
for horizontal 
mount 
package, 
HFBR-1526. 
~ 
is 


approximately 
30°C/W higher 
for 
vertical 
mount 
package, 
HFBR-1536. 


5. Optical 
rise and fall times 
can be 
reduced 
with the appropriate 
driver 
circuit; 
refer to Application 
Note 
1045. 


6. Pins 
5 and 8 are primarily 
for mount- 


ing and retaining 
purposes, 
but are 
electrically 
connected; 
pins 3 and 4 
are electrically 
unconnected. 
It is 
recommended 
that 
pins 3, 4, 5, and 8 
all be connected 
to ground 
to reduce 
cou pling of electrical 
noise. 


7. Refer 
to VERSATILE 
LINK HFBR- 


0501 Series 
Technical 
Data 
Sheet, 
for 


cable connector 
options. 
8. The LED current 
peaking 
necessary 
for high frequency 
circuit 
design 
contributes 
to electromagnetic 
inter· 


ference 
(EMIl. 
Care 
must 
be taken 
in 


circuit 
board 
layout 
to minimize 
emissions 
for compliance 
with govern· 
mental 
EMI emissions 
regulations. 


Refer 
to Application 
Note 
1045 for 


design 
guidelines. 


WARNING: 
When viewed under some conditions, the optical port may expose the eye beyond the Maximum 


Permissible Exposure recommended 
in ANSI Z136.1, 1981. Under most viewing conditions 
there is no eye 
hazard. 
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Figure 2. Typical Transmitter 
Spectra Normalized to the Peak at 
25"C. 


Figure 3. Typical Forward Voltage 


VB. Drive CUITentfor HFBR-15261 
1536 Tl'ansmitters. 
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Figure 4. Normalized HFBR-I5261 
1536 Tl'ansmitter Typical Output 
Optical Power VB. Drive CUITent. 


50 MBd Link Receivers 
HFBR-25261-2536 
(50 MBd) 
The HFBR-25X6 
receivers 
con- 
tain a PIN photodiode 
and 
transimpedance 
pre-amplifier 
circuit in a horizontal 
(HFBR- 
2526) or vertical 
(HFBR-2536) 
blue housing, 
and are designed 
to interface 
to 1 mm diameter 
plastic optical fiber. The 
receivers 
convert a received 


optical signal to an analog out- 
put voltage. Follow-on circuitry 
can optimize link performance 
for a variety of distance 
and 
data rate requirements. 
Elec- 
trical bandwidth 
greater 
than 
65 MHz allows design of high 
speed data links with plastic 
optical fiber. Refer to Applica- 
tion Note 1045 for details of 
recommended 
receiver circuits. 


Parameter 
Symbol 
Mininum 
Maximum 
Unit 
Reference 


Storage Temperature 
Ts 
-40 
75 
°C 


Operating 
Temperature 
TA 
0 
70 
°C 


Lead Soldering 
Temp. 
260 
°C 
Note 1 


Cycle Time 
3 
s 


Signal Pin Voltage 
Vo 
-0.5 
Vcc 
V 


Supply Voltage 
Vcc 
-0.5 
6.0 
V 


Output 
Current 
10 
25 
mA 


CAUTION: 
The smallju=tion 
sizes inherent 
to the design of this component 
i=reases 
the component's 
suscepti- 
bility to damage 
from electrostatic 
discharge 
(ESD). It is advised 
that normal 
static precautions 
be taken in 
handling 
and assembly 
of this component 
to prevent 
damage 
and Ior degradation 
which may be induced 
by ESD. 


Electrical/Optical 
Characteristics 
0 to 70°C; Fiber core diameter:O;; 1.0 mm, fiber N.A ~ 0.5. 
5.25 V < Vcc < 4.75 V; power supply must be filtered 
(see Figure 
1, Note 2). 


Parameter 
Symbol 
Min. 
Typ.ISI 
Max. 
Unit 
Condition 
Reference 


AC Responsivity 
Rp 
1.7 
3.9 
6.5 
mV/IJ.W 
660nm 
Note 4 


RMS Output 
Noise 
VNO 
0.46 
0.69 
mVRMS 
Note 5 


Equivalent 
Optical 
PN•RMS 
-39 
-36 
dBm 
Note 5 
Noise Input Power, 
RMS 
0.12 
0.25 
uW 


Peak Input Optical 
PR 
-5.8 
dBm 
5nsPWD 
Note 6 
Power 
260 
IJ.W 


Output 
Impedance 
Zo 
30 
Q 
50 MHz 
Note 4 


DC Output 
Voltage 
Vo 
0.8 
1.8 
2.6 
V 
PR=OIJ.W 


Supply Current 
Ice 
9 
15 
mA 


Electrical 
Bandwidth 
BWE 
65 
125 
MHz 
-3 dB electrical 


Bandwidth 
* Rise Time 
0.41 
Hz *s 


Electrical 
Rise Time, 


10-90% 
t,. 
3.3 
6.3 
ns 
PR = -10 dBm, peak 


Electrical 
Fall Time, 
10-90% 
tr 
3.3 
6.3 
ns 
PR = -10 dBm, peak 


Pulse Width Distortion 
PWD 
0.4 
1.0 
ns 
PR = -10 dBm, peak 
Note 7 


Overshoot 
4 
% 
PR = -10 ~Bm, peak 
Note 8 


Notes: 
1. 1.6 m.m below seating 
plane. 
2. The signal 
output 
is an emitter 
follower. 
which 
does not reject 
noise 


in the power 
supply. 
Consequently. 
the power 
supply 
must 
be fJltered 
as 
shown 
in Figure 
1. 


3. Typical 
data is at 25"C and 
Vcc= 
+5Vdc. 
4. Pin 1 should 
be ac ooupled 
to a load 
~ 510 Q, with load capacitance 
less 


than 
5pF. 


5. Measured 
with a 3 pole Bessel 
fJlter 
with a 75 MHz, -3 dB bandwidth. 


6. ·5.8 dBm is the maximum 
input 
optical 
power 
for which 
pulse 
width 
distortion 
is guaranteed 
to be less 


than 
5 ns. Pulse 
width 
distortion 
is 
typically 
less than 
5 ns when the 
input 
optical 
power is less than 
·3.4 dBm. 


7. 10 D8 pulse 
width, 
50% duty cycle. at 
the 50% amplitude 
point ofthe 
waveform. 


8. Percent 
overshoot 
is derIDed at: 


(VPK - VIl)(~) 
x 100%. 


Vl~ 
9. Pins 5 and 8 are primarily 
for 
mounting 
and retaining 
purposes. 
but are electrically 
oonnected. 
It is 
recommended 
that 
these 
both be 
oonnected 
to ground 
to reduce 
ooupling 
of electrical 
noise. 


10. Refer to VERSATILE 
LINK HFBR- 


050 1 Series 
Technical 
Data 
Sheet 


for cable oonnector 
options. 


11. If there 
is no input 
optical 
power to 
the receiver 
(no transmitted 
sigua\). 


electrical 
noise can result 
in false 


triggering 
of the receiver. 
In typical 


applications. 
data 
encoding 
and 


error 
detection 
prevent 
random 
triggering 
from being 
interpreted 
as 


valid data. 
Refer to Application 
Note 


1045 for desigo 
guidelines. 
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Figure 
3. Typical 
Pulse 
Width 
Distortion 
VB.Peak 
Input 
Power. 
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Figure 
4. Typical 
Output 
Spectral 
Noise Density 
VB.Frequency. 
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6. Typical 
Rise and Fall 
TimeB VB.Temperature. 


5 MBd, 1 MBd, and 40 
kBd Link Transmitters 
HFBR-1521/1531 
(5 MBd· 
High Performance) 
HFBR·152211532 
(l MBd· 
High Performance) 
HFBR-152311533 
(40 kBd· 
Low CurrentlExtended 
Distance) 
(HFBR-152411534 
(l MBd· 
Standard) 


Versatile Link transmitters 
incorporate a 660 nanometre 
LED in a horizontal 
or vertical 


housing. The HFBR-15X3 
transmitter 
housing is black. 


HFBR-15XlI2I4 standard 
housings are gray. but black 
versions are available. The 
transmitters 
can be easily 
interfaced to standard TTL or 
CMOS logic. The optical output 
power of the HFBR-152X1153X 
series is specified at the end of 
0.5 m of cable. The mechanical 
and electrical pin spacing and 
connections are identical for 
both the horizontal and vertical 
packages. 


HFBR-152X/153X Series 
Transmitters 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Storage Temperature 
Ts 
-40 
+75 
°C 


Operating Temperature 
TA 
0 
+70 
°C 


Lead Soldering Cycle 
I Temp. 
260 
°C 
Note 1 


I 
Time 
10 
sec. 


Peak Forward Input Current 
IFPK 
1000 
rnA 
Note 2 


DC Forward Input Current 
IF DC 
80 
rnA 


Reverse Input Voltage 
VR 
5 
V 


Parameter 
Symbol 
Min. 
Typ.l51 
Mas. 
Units 
Conditions 
Ref. 


Transmitter 
Ouptut 
HFBR-15X1 
PT 
-16.5 
-7.6 
dBm 
IFcIc= 60 mA, 0-70°C 
Fig. 13 
Optical 
Power 
Notes 


-14.3 
-8.0 
dBm 
IFcIc= 60 mA, 25°C 
3,4 


HFBR-15X2 
PT 
-13.6 
-4.5 
dBm 
IFcIc= 60 mA, 0-70°C 
and 
HFBR-15X3 
-11.2 
-5.1 
dBm 
IFcIc= 60 mA, 25°C 


HFBR-15X3 
PT 
-35.5 
dBm 
IFcIc= 2 mA, 0-70°C 


HFBR-15X4 
PT 
-17.8 
-4.5 
dBm 
IFcIc= 60 mA, 0-70°C 


-15.5 
-5.1 
dBm 
IFdc = 60 mA, 25°C 


Output 
Optical 
Power Temperature 
6PT 
-0.85 
%1°C 
Coefficient 
-- 
~T 


Peak Emission 
Wavelength 
lpK 
660 
nm 


Forward 
Voltage 
VF 
1.45 
1.67 
2.02 
V 
IFcIc= 60mA 


Forward 
Voltage Temperature 
~VF 
-1.37 
mY/DC 
Fig. 12 
Coefficient 
-- 
~T 


Effective 
Diameter 
Dr 
1 
mm 


Numerical 
Aperture 
N.A. 
0.5 


Reverse 
Input 
Breakdown 
Voltage 
VBR 
5.0 
11.0 
V 
IFDC= -10 l1A, 
TA = 25°C 


Diode Capacitance 
Co 
86 
pF 
VF = 0, f = 1 MHz 


Rise Time 
t,. 
80 
ns 
10%0090%, 
Note 
IF= 60mA 
6 
Fall Time 
tf 
40 
ns 


Notes: 
1. 1.6 mm below seating 
plane. 


2. 11'" pulse, 
20 I'" period. 


3. Measured 
at the end of 0.5 m Standard 
Fiber 
Optic Cable with large 
area 
detector. 


4. Optical 
power. 
P (dBm) = 10 Log [P (j!WJ/l000 
j!W]. 
5. Typical 
data 
is at 25°C. 


6. Rise and fall times 
are measured 
with 
a voltage 
pulse 
driving 
the transmitter 
and a series 
connected 
50 ohm load. A wide 
bandwidth 
optical 
to electrical 
waveform 
analyzer 
(transducer), 
terminated 
to a 50 ohm input 
of a wide bandwidth 
oscilloscope, 


is used 
for this response 
time measurement. 
7. Pins 
5 and 8 of the transmitter 
are for mounting 
and retaining 
purposes 
only. Do not electrically 
connect 
pin 5 and/or 
pin 8. 


WARNING: 
When 
viewed 
under 
some conditions, 
the optical 
port of the Transmitter 
may expose 
the eye beyond 
the Maximum 
Permissible 
Exposure 
recommended 
in ANSI Z-136-1, 
1981. Under 
most viewing 
conditions 
there 
is no eye hazard. 
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Figure 13.Normalized 
HFBR-152X1153XSeries 


Transmitter Typical Output Optical Power VB. Drive 
Current. 


5 MB~ 1 MB~ and 40 
kBd Link Receivers 
HFBR-2521/2531 
(5 MBd • 
High Performance) 
HFBR-252212532 
(l MBd - 
High Performance) 
HFBR-252412534 
(l MBd - 
Standard) 
The Versatile Link receivers 
feature a shielded, integrated 
photodetector 
and a wide 
bandwidth 
dc amplifier with 
high EMI immunity. A Schottky 
clamped open-collector output 
transistor 
allows interfacing 
to 
common logic families and 
enables "wired-OR" circuit 


designs. The open collector 
output is specified up to 18 V. 
An integrated 
1000 ohm resistor 
internally 
connected to Vcc may 
be externally connected to 
provide a pull-up for ease of use 
with +5 V logic. Under pulsed 
LED current operation (IF > 80 
mAl, the combination of a high 
optical power level and the 
optical falling edge of the LED 
transmitter 
will result in 


increased pulse width distortion 
of the receiver output signal. 
The standard 
receiver housings 
are blue; black versions are 
available. 


HFBR·25Xl/25X2/25X4 
Receiver 


Parameter 
Symbol 
Mininum 
Maximum 
Unit 
Reference 


Storage T\lmperature 
Ts 
-40 
+75 
°C 


Operating Temperature 
TA 
0 
+70 
°C 


Lead Soldering Cycle 
I Temp. 
260 
°C 
Note 1 
I Time 
10 
sec. 


Supply Voltage 
Vcc 
-0.5 
7 
V 
Note 6 


Output Collector Current 
10 
25 
mA 


Output Collector Power Dissipation 
POD 
40 
mW 


Output Voltage 
Vo 
-0.5 
18 
V 


Pullup Voltage 
VRL 
-0.5 
'f:c 
V 


Electrical/Optical Characteristics 
O°C to +70°C, 4.75 V ~ Vcc ~ 5.25 V Unless Otherwise 
Specified 


Parameter 
Symbol 
Min. 
Typ.lSI 
Max. 
Units 
Conditions 
Ref. 


Receiver 
HFBR-2521 
PR(L) 
-21.6 
-9.5 
dBm 
VoL=0.5V 
Notes 2, 
Input 
and 
IOL=8mA 
3,8 
Optical 
HFBR-2531 
- 
Power 
-21.6 
-8.7 
dBm 
25°C, VOL= 0.5 V 
Level for 
IOL=8mA 
Logic "0" 
HFBR-2522 
PR(L) 
-24 
dBm 
VOL= 0.5 V 
Notes 2, 
and 
IOL=8mA 
3,8,9 
HFBR-2532 
-24 
dBm 
25°C, VOL= 0.5 V 
IOL= 8 mA 


HFBR-2524 
PR(L) 
-20 
dBm 
VOL= 0.5V 
Notes 2; 


and 
IOL= 8 mA 
3,8,9 
HFBR-2534 
-20 
dBm 
25°C, VOL= 0.5 V 
IOL=8mA 


Input Optical Power 
PR(H) 
-43 
dBm 
VOH= 5.25 V, 
Note 2 
Level for Logic "1" 
IOH~ 250 J.1A 


High Level Output 
IOH 
5 
250 
J.1A 
Vo = 18 V, PR = 0 
Note 4 
Current 


Low Level Output 
VOL 
0.4 
0.5 
V 
IOL= 8 mA, 
Note 4 
Voltage 
PR = PR(L)MIN 
High Level Supply 
IccH 
3.5 
6.3 
mA 
Vcc = 5.25 V, 
Note 4 
Current 
PR=OIJ.W 


Low Level Supply 
ICCL 
6.2 
10 
mA 
Vcc = 5.25 V, 
Note 4 
Current 
PR= 12.5 dBm 


Effective Diameter 
DR 
1 
mm 


Numerical 
Aperture 
N.A. 
0.5 


Internal 
Pull-Up 
RL 
680 
1000 
1700 
Ohms 
Resistor 


Notes: 
1. 1.6 nun below seating 
plan. 


2. Optical 
/lux, P (dBm) = 10 Log [P (!LW)llOOO!LW]. 
3. Measured 
at the end of Fiber 
Optic Cable with large 
area 
detector. 
4. RL is open. 
5. Typical 
data 
is at 25°C, Vcc = 5 V. 


6. It is essential 
that 
a bypass 
capacitor 
0.01!LF be connected 
from pin 2 to pin 3 of the receiver. 
Total 
lead length 
between 
both 
ends of the capacitor 
and the pins should 
not exceed 
20 rom. 


7. Pins 
5 and 8 of both the transmitter 
and receiver 
are for mounting 
and retaining 
purposes 
only. Do not electrically 
connect 
pin 
5 and/or 
pin 8. 


8. Pulsed 
LED operation 
at IF > 80 mA will cause 
increased 
link tpUl propagation 
delay time. 
This extended 
tpUl time contributes 
to increased 
pulse 
width 
distortion 
of the receiver 
output 
signal. 


9. The HFBR-15221l5321l5241l534 
LED driver 
circuit 
of Figure 
lb (Link Design 
Considerations) 
is required 
for operation 
of the 
HFBR.252?J253?J2524/2534. 


High Sensitivity 
Receiver 
HFBR-25X3 
The blue plastic HFBR-25X3 
Receiver module has a sensitiv- 
ity of -39 dBm. It features 
an 
integrated 
photodetector 
and dc 
amplifier 
with high EMI 
immunity. 
The output 
is an 
open col1ector with a 150 ~ 


internal 
current 
source pul1-up 
and is compatible 
with TTU 
LSTTL and most CMOS logic 
families. 
For minimum 
rise time 
add an external 
pul1-up resistor 
of at least 3.3 K ohms. Vcc must 
be greater 
than or equal to the 
supply voltage for the pul1-up 
resistor. 


Parameter 
Symbol 
Mininum 
Maximum 
Unit 
Reference 


Storage Temperature 
Ts 
-40 
+75 
°C 


Operating 
Temperature 
TA 
0 
+70 
°C 


Lead Soldering 
Cycle 
I Temp. 
260 
°C 
Note 1 


I 
Time 
10 
sec. 


Supply Voltage 
Vcc 
-0.5 
7 
V 
Note 7 


Output 
Col1ector Current 
(Average) 
10 
-1 
5 
mA 


Output 
Col1ector Power Dissipation 
POD 
25 
mW 


Output 
Voltage 
Vo 
-0.5 
Vcc 
V 
I 


Electrical/Optical 
Characteristics 
o°C to +70°C, 4.5 V S Vcc S 5.5 V Unless Otherwise 
Specified 


Parameter 
Symbol 
Min. 
Typ.lSI 
Max. 
Units 
Conditions 
Ref. 


Receiver 
HFBR-2523 
PR(L) 
-39 
-13.7 
dBm 
VO=VOL 
Notes 2, 


Input 
and 
IOL= 3.2 mA 
3,4 
Optical 
HFBR-2533 
Power 
-39 
-13.3 
dBm 
25°C, Vo = VOL 
Level for 
IoL=3.2mA 
. 


Logic "0" 


Input Optical Power 
PR(H) 
-53 
dBm 
VoH=5.5V, 
Note 2 
Level for Logic "1" 
IOHS 40 J.IA 


High Level Output 
VOH 
2.4 
V 
IOH= -40 J.IA, 


Voltage 
PR=O~W 


Low Level Output 
VOL 


, 
0.4 
V 
IoL= 3.2 mA, 
Note 6 
Voltage 
PR=PRLMIN 
High Level Supply 
IccH 
1.2 
1.9 
mA 
Vcc =5.5V, 
Current 
PR=O~W 


Low Level Supply 
IccL 
2.9 
3.7 
mA 
Vcc = 5.5 V, 
Note 6 
Current 
PR ~ PRL(MIN) 


Effective Diameter 
DR 
1 
mm 


Numerical 
Aperture 
N.A 
0.5 
. 


Notes: 
1. 1.6 mm below seating 
plan. 
2. Optical 
flux. P (dBm) = 10 Log [P (IlW)ll000 IlWj. 


3. Meaaured 
at the end of Fiber 
Optic Cable with large 
area 
detector. 
4. Because 
of the very high sensitivity 
of the HFBR-25X3. 
the digital 
output 
may switch 
in response 
to ambient 
light 
levels 
when 
a cable is not occupying 
the receiver 
optical 
port. The designer 
should 
take 
care to filter 
out signals 
from this source 
if they pose 
a hazard 
to the system. 


5. Typical 
data 
is at 25°C, Vee = 5 V. 
6. Including 
current 
in 3.3 K pull-up 
resistor. 


7. It is recommended 
that 
a bypass 
capacitorO.011iF 
to 0.11iF 
ceramic 
be connected 
from pin 2 to pin 4 of the receiver. 


8. Pins 
5 and 8 are for mounting 
and retaining 
purposes 
only. Do not electrically 
connect 
pin 5 and/or 
pin 8. 


Plastic Cable 
The HFBR-RIEXXYYY series of 
fiber optic cables are con- 
structed of single step index 
fibers sheathed 
in a black 
polyethylene jacket. The duplex 
fiber consists of two Simplex 
fibers joined with a zipcord web. 
The individual 
channels ofthe 
duplex fiber are identified by a 
marking on one channel of the 
cable. Additionally, the poly- 
ethylene jackets of these cables 
complies with the UL VW-1 
flame retardant 
specifications. 


Along with the standard 
attenu- 
ation HFBR-RXXYYY series of 
plastic cable, an extra low 
attenuation 
version, HFBR- 
EXXYYYis available. The extra 
low attenuation 
cable is identical 
to the standard 
attenuation 
cable except that the attenua- 
tion is lower. 


Both series of cables are avail- 
able unconnectored 
or connec- 
tored options. Refer to the 
Ordering Guide for part number 
information. 


Parameter 
Symbol 
Minimum 
Maximum 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°C 


Installation 
Temperature 
T1 
-20 
+70 
°C 
Note 1 


Short Term 
I Single Channel 
FT 
50 
N 
Note 2 


Tensile Force I Dual Channel 
FT 
100 
N 


Short Term Bend Radius 
r 
25 
mm 
Note 3, 4 


Long Term Bend Radius 
r 
35 
mm 


Long Term Tensile Load 
FT 
1 
N 


Flexing 
1000 
Cycles 
Note 4 I 


Parameter 
Symbol 
Min. 
Typ.151 
Max. 
Unit 
Condition 


Cable 
Standard 
Cable 
lXo 
0.15 
0.22 
0.27 
dB/m 
Source is HFBR-15XX 
Attenuation 
(660 nm LED, 0.5 NA), 


Extra 
Low Loss 
0.15 
0.19 
0.23 
= 50 metres. 
Note 7. 


Reference 
Standard 
Cable 
aR 
0.12 
0.19 
0.24 
dB/m 
Source is 650 nm, 


Attenuation 
0.5 NA monochrometer, 
Extra Low Loss 
0.12 
0.16 
0.19 
= 50 metres 


Numerical 
Aperture 
N.A. 
0.46 
0.47 
0.50 
> 2 metres 


Diameter, 
Core and Cladding 
Dc 
0.94 
1.00 
1.06 
mm 


Diameter, 
Jacket 
DJ 
2.13 
2.20 
2.27 
mm 
Simplex Cable 


Propagation 
Delay Constant 
1/v 
5.0 
ns/m 
Note 6 


Mass per Unit Length/Channel 
m/ 
5.3 
glm 
Without 
connectors 


Cable Leakage 
Current 
IL 
12 
nA 
50kV, 
= 0.3 metres 


Refractive 
Core 
n 
1.492 
Index 
Cladding 
1.417 


Notes: 
1. Installation 
temperature 
is the range 
over which the cable can be bent and 
pulled without 
damage. 
Below _20°C 
the cable becomes brittle 
and should 
not be subjected 
to mechanical 
stress. 
2. Le•• than 
30 minutes. 


3. Less than 
1 hour, non-operating. 
4. 90° bend on 25 nun radius 
mandrel. 


Bend radius 
is the radius 
of the man- 
drel around 
which the cable is bent. 


r 
I 
1\ 
I 
\ 
I 
\ 
./ 
I 
I 
/ 
\.. ../ 


550I 500 


Z 
450 
o 


~ 
400 


::>z 
w 
350 
5 
300 


Typical 
Plastic 
Optical 
Fiber 
Attenuation 
Versus 
Wavelength 
(25°C). 


5. Typical data are at 25°C. 
6. Propagation 
delay constant 
is the 
reciprocal 
of the group velocity for 
propagation 
of optical power. Group 
velocity is v = c/n, where c is the 
velocity of light in free space (3 X 1l>" 
mls) and n is the effective core index 
of refraction. 


7. Note that 
a" rises at the rate of about 
0.0067 dB/ml°C where the thermal 
rise refers to LED temperature 


changes 
above 25OC. Please 
refer to 
Figure 
3 which shows the typical 
plastic 
optical 
fiber attenuation 
versus 
wavelength 
at 25°C and 
Figure 
2 of the 50 MBd transmitter 
section of the catalog 
which shows 
typical 
transmitter 
spectral 
normal- 
ized to the peak at 25°C. 


Versatile Link Fiber 
Optic Connectors 
Connectors,Feedthroug}V 
Splice, Polishing 
Tools 
Versatile 
Link transmitters 
and 
receivers 
are compatible 
with 
four connector 
styles: simplex, 
simplex latching, 
duplex, and 
duplex latching. 
All connectors 
provide a snap-action 
when 
mated to Versatile 
Link 
components. 
Simplex connectors 
are color coded to match with 
transmitter 
and receiver color 
coding. Duplex connectors 
are 
keyed so that proper orientation 
is ensured. 
When removing 
a 
connector from a module, pull at 
the connector body. Do not pull 
on the cable alone. The same, 
quick and simple connectoring 
technique 
is used with all 
connectors 
and cable. This tech- 
nique is described 
on page N. 
Note that simplex and duplex 
crimp rings are different 
sizes. 


Simplex Connector 
Styles 
HFBR-4501/4511-Simplex 
The simplex connector 
provides 
a quick and stable connection 
for applications 
that require 
a 
component 
to provide retention 
force of8 newtons 
(1.8Ib). 
These connectors 
are available 
in colors of gray (HFBR-4501) 
or 
blue (HFBR-4511). 


HFBR-4503/4513-Simplex 
Latching 
The simplex latching 
connector 
is designed 
for rugged applica- 
tions requiring 
greater 


retention 
force, 80 N (18 lbs), 
than that provided by a simplex 
connector. When inserting 
the 
simplex latching 
connector into 
a module, the connector latch 
mechanism 
should be aligned 
with the top surface of the 
horizontal 
module, or with the 
tall vertical 
side of the vertical 
module. Misalignment 
of an 
inserted 
latching 
connector into 
either module housing 
will not 
result 
in a positive latch. The 
connector is released 
by 
depressing 
the rear section of 
the connector lever, and then 
pulling the connector assembly 
away from the module housing. 


If the cable/connector 
will be 
used at elevated 
operating 
temperatures 
or experience 
frequent 
and wide temperature 
cycling effects, the cable/ 
connector attachment 
can be 
strengthened 
by applying 
an 
RTV adhesive 
within the 
connector. A recommended 
adhesive 
is GE Company RTV- 
128 or Dow Coming 
3154. In 
most applications 
use of an RTV 
is unnecessary. 
The simplex 
latching 
connector is available 
in gray (HFBR-4503) 
or blue 
(HFBR-4513). 


Duplex Connector 
Styles 
HFBR-4506-Duplex 
Duplex connectors 
provide con- 
venient 
duplex cable termina- 
tion and are keyed to prevent 
incorrect 
connection. 
The duplex 
connector is compatible 
with 


dual combinations 
of identical 
Versatile 
Link components 
(e.g., 
two horizontal 
transmitters, 
two 
vertical 
receivers, 
a horizontal 
transmitter 
and a horizontal 
receiver, 
etc.). A duplex connec- 
tor cannot connect to two differ- 
ent packages 
simultaneously. 


The duplex connector 
is an off- 
white color. 


HFBR-4516-Duplex 
Latching 
The duplex latching 
connector is 
designed 
for rugged applications 
requiring 
greater 
retention 
force 
than the standard 
duplex con- 
nector. When inserting 
the 
duplex latching 
connector 
into a 
module, the connector 
latch 
mechanism 
should be aligned 
with the top surface 
of the dual 
combinations 
of identical 
versatile 
link components. 
The 
combinations 
are described 
in 
the previous 
section on duplex 
connectors. 
The duplex latching 
connector 
is a gray color. 


FeedthroughlSplice 
HFBR-4505/4515-Adapter 
The HFBR-4505l4515 
adapter 
mates two simplex connectors 
for panellbulkhead 
feedthrough 
of plastic fiber cable. Maximum 
panel thickness 
is 4.1 mm (0.16 
inch). This adapter 
can serve as 
a cable in-line splice using two 
simplex connectors. 
The colors 
of the adapters 
are gray (HFBR- 
4505) and blue (HFBR-4515). 
The adapter 
is not compatible 
with the duplex or simplex 
latching 
connectors. 


I 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Storage Temperature 
Ts 
-40 
+75 
°C 
Operating Temperature 
TA 
0 
+70 
°C 
Nut Torque 
TN 
0.7 
N-m 
1 
HFBR-4505l4515 


, 
100 
OzF-in 


Note: 
1. Recommended 
nut torque 
is 0.57 N-m (80 OzF-in). 


D$=J 
\ 


:-~"' 


SIMPLEX 
LATCHING 
CONNECTOR 


TWO STACKED 
HORIZONTAL 
PACKAGES 


TWO STACKED 
HORIZONTAL 
PACKAGES 


TWO STACKED 
VERTICAL 
PACKAGES 


TWO STACKED 
VERTICAL 
PACKAGES 


I 


ADAPTER 
~ 


--, 
iBUlKHEAO-MAX1MUM 
THICKNESS 4.' 
(0.161 
+ 
Illc$:P 


Connector Mechanical/Optical 
Characteristics 
25°C Unless Otherwise 
Specified 


Parameter 
Part 
Number 
Sym. 
Min. 
Typ. 
Max. 
Units 
Ref. 


Retention 
Force 
Simplex 
HFBR-4501l4511 
FR-C 
7 
8 
N 
Note 4 
Connector 
to 
HFBR-152X 
Simplex 
Latching 
HFBR-4503l4513 
47 
80 
153Xt252X1253X 
Modules 
Duplex 
HFBR-4506 
7 
12 


Duplex Latching 
HFBR-4516 
50 
80 


Tensile 
Force 
Simplex 
HFBR-4501l4511 
FT 
8.5 
22 
N 
Notes 
Connector 
to 
3,4 


Cable 
Simplex 
Latching 
HFBR-4503l4513 
8.5 
22 


Duplex 
HFBR-4506 
14 
35 


Duplex Latching 
HFBR-4516 
14 
35 


Adapter 
Connector 
HFBR-4505l4515 
with 
IXcc 
0.7 
1.5 
2.8 
dB 
Notes 
to Connector 
Loss 
HFBR-4501/4511 
. 
1,5 


Retention 
Force 
HFBR-4505l4515 
with 
FRoB 
7 
8 
N 
Note 4 
Connector 
to 
HFBR-4501/4511 
Adapter 


Insertion 
Force 
Simplex 
HFBR-4501/4511 
F1 
8 
12 
N 
Notes 
Connector 
to 
2,4 
HFBR-152X1 
Simplex 
Latching 
HFBR-4503/4513 
16 
35 
153Xt252X1253X 
Modules 
Duplex 
HFBR-4506 
, , 
13 
46 


Duplex Latching 
HFBR-4516 
22 
51 


Notes: 
1. Factory 
polish or field polish per recommended 
procedure. 
2. No perceivable 
reduction 
in insertion 
force was observed 
after 2000 insertions. 
Destructive 
insertion 
force was typically 
at 
178N(40Ibs). 
3. For applications 
where frequent 
temperature 
cycling over temperature 
extremes 
is expected 
please contact Hewlett-Packard 
for 
alternate 
connectoring 
techniques. 


4. All mechanical 
forces were measured 
after units 
were stored at 70°C for 168 hours and returned 
to 25°C for one hour. 


5. Minimum 
and maximum 
limits of lJce for O°C to 70°C temperature 
range. Typical value of lJce is at 25°C. 


I 


Step-by-Step Plastic 
Cable Connectoring 
Instructions 
The following step-by-step 
guide 
describes 
how to terminate 
cable. It is ideal for both field 
and factory installation. 
If a 
high volume connectoring 
tech- 
nique is required 
please contact 
your Hewlett-Packard 
sales 
engineer 
for the recommended 
procedure 
and equipment. 


Connectoring 
the cable is 
accomplished 
with the Hewlett- 
Packard 
HFBR-4593 
Polishing 
Kit consisting 
of a Polishing 
Fixture, 
600 grit abrasive 
paper 
and 3 Ilm pink lapping film (3M 
Company, 
OC3-14). No adhesive 
material 
is needed to secure the 
cable in the connector, 
and the 
connector 
can be used immedi- 
ately after polishing. 
Improved 
connector to cable attachment 
can be achieved 
with the use of 
an RTV (GE Company, 
RTV-128 
or Dow Corning 3154-RTV) 
adhesive 
for frequent, 
extreme 
temperature 
cycling 
environments 
or for elevated 
temperature 
operation. 


Connectors 
may be easily 
installed 
on the cable ends with 
readily 
available 
tools. Materials 
needed for the terminating 
procedure 
are: 
1. Hewlett-Packard 
Plastic 
Fiber Optic Cable 
2. HFBR-4593 
Polishing 
Kit 
3. HFBR-4501/4503 
Gray 
Simplex/Simplex 
Latching 
Connector 
and Silver Color 
Crimp Ring 
4. HFBR-4511/4513 
Blue 
Simplex/Simplex 
Latching 
Connector 
and Silver Color 
Crimp Ring 
5. HFBR-4506 
Parchment 
Duplex Connector 
and Duplex 
Crimp Ring 


6. HFBR-4516 
Gray Latching 
Duplex Connector 
and Duplex 
Crimp Ring 
7. Industrial 
Razor Blade or 
Wire Cutters 
8. 16 Gauge Latching 
Wire 
Strippers 
9. Crimp Tool, HFBR-4597 


Step 1 
The zip cord structure 
of the 
duplex cable permits 
easy 
separation 
of the channels. 
The 
channels 
should be separated 
approximately 
50 mm (2.0 in.) 
back from the ends to permit 
connectoring 
and polishing. 


After cutting 
the cable to the 
desired length, 
strip off approxi- 
mately 7 mm (0.3 in.) of the 
outer jacket 
with the 16 gauge 
wire strippers. 
Excess webbing 
on duplex cable may have to be 
trimmed 
to allow the simplex or 
simplex latching 
connector to 
slide over the cable. 


When using the duplex connec- 
tor and duplex cable, the sepa- 
rated duplex cable must be 
stripped 
to equal lengths 
on 
each cable. This allows easy and 
proper seating 
of the cable into 
the duplex connector. 


position the ring so that it is 
entirely 
on the connector 
with 
the rim of the crimp ring flush 
with the connector, 
leaving a 
small space between 
the crimp 
ring and the flange. Then crimp 
the ring in place with the 
crimping 
tool. One crimp tool is 
used for all connector 
crimping 
requirements. 


Note: 
Place the gray connector 
on the cable end to be connected 
to the transmitter 
and the blue 
connector 
on the cable end to be 
connected 
to the receiver to 
maintain 
the color coding (both 
connectors 
are the same 
mechanically). 
For duplex con- 
nector and duplex cable applica- 
tion, align the color coded side of 
the cable with the appropriate 
ferrule 
ofthe 
duplex connector 
in order to match connections 
to 
the respective 
optical ports. The 
simplex connector 
Ilrimp ring 
cannot be used with the duplex 
connector. The duplex connector 
crimp ring cannot be used with 
the simplex or simplex latching 
connectors. 
The simplex crimp 
has a dull lustre; 
the duplex 
ring is shiny and has a thinner 
wall. 


7mm;;) 
~ 


~ 
~~~ 


.-- 
~\ 
. 
SIMPLEX 
~V7mm 
CRIMP 
RING 


Simplex Latching 


Step 2 
Place the crimp ring and con- 
nector over the end of the cable; 
the fiber should protrude 
about 
3 mm (0.12 in.) through 
the end 
of the connector. 
Carefully 


~ 


~~ 
SIMPLEX 


CRIMP RING 


Step 3 
Any excess fiber protruding 
from the connector end may be 
cut off; however, the trimmed 
fiber should extend at least 5 
mm (0.06 in.) from the 
connector end. 


Insert the connector fully into 
the polishing fixture with the 
trimmed fiber protruding 
from 


the bottom ofthe fixture. This 
plastic polishing fixture can be 
used to polish two simplex 
connectors or two simplex latch- 
ing connectors simultaneously, 
or one duplex connector. 


Note: The four dots on the 
bottom of the polishing fixture 
are wear indicators. 
Replace the 


polishing fixture when any dot 
is no longer visible. Typically, 
the polishing fixture can be 
used 10 times: 10 duplex con- 
nectors or 20 simplex connec- 
tors, two at a time. 


Place the 600 grit abrasive 
paper on a flat smooth surface. 
Pressing down on the connector, 


polish the fiber and the connec- 
tor using a fixture eight pattern 
of strokes until the connector is 
flush with the bottom of the 
polishing fixture. Wipe the con- 
nector and fixture with a clean 
cloth or tissue. 
II 
FIBER END 


~~15mm 
~ 
~ 
MINIMUM 


Step 4 
Place the flush connector and 
polishing fixture on the dull side 
of the 3 micron pink lapping 
film and continue to polish the 
fiber and connector for approxi- 
mately 25 strokes. The fiber end 
should be flat, smooth and 
clean. 


Note: Use of the pink lapping 
film fine polishing step results 
in approximately 
2 dB improve- 
ment in coupling performance of 
either a transmitter-receiver 
clink or a bulk-head/splice 
over 
600 grit polish alone. This fine 
polish is comparable Hewlett- 
Packard factory polish. The fine 
polishing step may be omitted 
where an extra 23 dB of optical 
power is not essential, 
as with 
short link lengths. Proper 
polishing of the tip of the fiber/ 


connector face results in a tip 
diameter between 2.8 mm 
(0.110 in.) minimum and 3.2 
mm (0.125 in.) maximum. 


For simultaneous 
multiple 
connector polishing techniques 
please contact Hewlett-Packard. I 


Versatile 
Link 
Unit 
Horizontal 
Modules 
Vertical 
Modules 


50 MBd High Performance 
Tx 
HFBR-1526 
HFBR-1536 
5 MBd High Performance 
Tx 
HFBR-1521 
HFBR-1531 
1 MBd High Performance 
Tx 
HFBR-1522 
HFBR-1532 
40 kBd Low CurrentlExtended 
Distance 
Tx 
HFBR-1523 
HFBR-1533 
1 MBd Standard 
Tx 
HFBR-1524 
HFBR-1534 


50 MBd High Performance 
Rx 
HFBR-2526 
HFBR-2536 
5 MBd High Performance 
Rx 
HFBR-2521 
HFBR-2531 
1 MBd High Performance 
Rx 
HFBR-2522 
HFBR-2532 
40 kBd Low CurrentlExtended 
Distance 
Rx 
HFBR-2523 
HFBR-2533 
1 MBd Standard 
Rx 
HFBR-2524 
HFBR-2534 


Connectors 


HFBR-4501 
Gray Simplex Connector/Crimp 
Ring 
HFBR-4511 
Blue Simplex Connector/Crimp 
Ring 
HFBR-4503 
Gray Simplex Latching Connector with Crimp Ring 
HFBR-4513 
Blue Simplex Latching Connector with Crimp Ring 
HFBR-4506 
Parchment 
Duplex Connector with Crimp Ring 
HFBR-4516 
Gray Duplex Latching Connector with Crimp Ring 
HFBR-4505 
Gray Adapter 
HFBR-4515 
Blue Adapter 


Evaluation 
Kit, HFBR-0501 
Contents 


HFBR-1524 
Transmitter 
HFBR-2524 
Receiver 
HFBR-4501 
Gray Simplex Connector with Crimp Ring 
HFBR-4506 
Duplex Connector with Crimp Ring 
5 metres ofConnectored 
Simplex Cable with Blue 
Simplex and Gray Simplex Latching Connectors 
HFBR-4513 
Blue Simplex Latching Connector with Crimp Ring 
HFBR-4505 
Gray Adapter 
Polishing Tool and 600 grit paper 
HFBR-0501 
Data Sheet and Brochure 


HFBR-4522 
500 Port Plugs 
HFBR-4525 
1000 Simplex Crimp Rings 
HFBR-4526 
500 Duplex Crimp Rings 
HFBR-4593 
Polishing Kit (one polishing tool, two pieces 600 grit abrasive paper, and two pieces 
3-j.Lmlapping film). 
HFBR-4597 
Crimping Tool 


A Note About Ordering 
Plastic Cable 
Four steps are required 
to 
detennine 
the proper part 
number 
for a desired cable. 


Stepl 
Select Standard 
or Extra 
Low 
Loss Attenuation 
Cable. As 
explained 
on page N, two levels 
of attenuation 
are available: 
Standard 
or Extra 
Low. 


Step 
2 
Select the connector 
style. 
Connector 
styles are described 
on page N. 


Step 
3 
Select Simplex or Duplex. 


Step 
4 
Determine 
the cable length. 


To detennine 
the appropriate 
part number, 
select the letter 
corresponding 
to your selection 
and fill in the following: 


For Example: 
HFBR-RUD500 
is a Standard 
Attenuation, 
Unconnectored, 
Duplex, 500 meter cable. 
HFBR-ELSOOI is an Extra Low 
Attenuation, 
Latching 
Simplex 
Connectored, 
Simplex, 
1 meter 
cable. 
HFBR-RMDOI0 
is a Standard 
Attenuation, 
Standard 
Duplex 
Connectored, 
Duplex, 10 meter 
cable. 
HFBR-RNDI00 
is a Standard 
Attenuation 
Standard 
Simplex 
Connectored, 
Duplex, 100 meter 
cable. 


Cable 
Length 
Tolerances: 
The plastic cable length toler- 
ances are: +10%/-0%. 


Note: 
0.1 metre Standard 
Attenuation 
Simplex lengths 
are available: 
0.5 metre 
Standard 
Attenuation 
Simplex 
and Duplex lengths 
are also 
available. 
The lengths 
are 
ordered as HFBR-xxxIDM 
or 
HFBR-xxx5DM. 
Cables of 1 to 


Cable 
Code 
R = Standard 
Attenuation 
E = Extra 
Low Attenuation 


HFBR-DDDDDO 
T 
~ 
Length 
Code 
1-500 m in l·m increments 
e.g. 015 = 15 metres 
1·10 m in I-dm increments 
e.g. 15D = 15 decimetres 
= 1.5 metres 
Connector 
Code 
U = Unconnectored 
N = Standard 
Simplex 
Connectors 
L = Latching 
Simplex Connectors 
M = Standard 
Duplex Connectors 
T = Latching 
Duplex Connectors 
Channel 
Code 
S = Simplex Cable 
0= Duplex Cable 


10 meter lengths 
in 1 decimeter 
increments 
are also available. 
The cable is ordered 
as HFBR- 
xxxyyD where "yy" is the length 
of the cable. For example, 
a 1.5 
meter Standard 
Attenuation, 
Standard 
Simplex Connectored, 
Simplex cable would be ordered 
as HFBR-RNSI5D. 


Attention: 
Pre-connectored 
simplex cables have oppositely 
colored (GRAY vs. BLUE) 
connectors 
are the opposite ends 
ofthe 
same fiber; although 
oppositely 
colored, the connec- 


tors are mechanically 
identical. 


For duplex cables with simplex 
connectors, 
the same rule 
applies to each fiber; also, the 
side-by-side 
fibers at each end of 
the cable have oppositely 
colored 
connectors. 
For duplex cables 
with duplex 
connectors 
similar 
rules apply so the connectors 
at 
opposite ends are oppositely 
keyed relative 
to the marked 
fiber in a duplex cable. I 
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SERCOS Fiber Optic 
Transmitters 
and Receiver 


Features 
• Fully 
Compliant 
to 
SERCOS Optical 
Specifications 


• Optimized 
for 1 mm Plastic 
Optical 
Fiber 
• Compatible 
with SMA 
Connectors 


• Auto-Insertable 
and Wave 
Solderable 


• Data 
Transmission 
at 
Symbol Rates 
from DC to 
over 2 MBd for Distances 
from 0 to over 20 Metres. 


Applications 
• Industrial 
Control 
Data 


Links 


• Reduction 
of Lightning 
and 
Voltage 
Transient 
Susceptibility 


• Tempest-Secure 
Data 
Processing 
Equipment 
• Isolation 
in Test and 
Measurement 
Instruments 
• Robotics 
Communication 


SERCOS 
SERCOS is a SErial Realtime 
COmmunication 
System, a 
standard digital interface for 
communication between con- 


troIs and drives for numerically 
controlled machines. The 
SERCOS interface specification 
was written by a joint working 
group of the VDW (German 
Machine Tool Builders Associa- 
tion) and ZVEI (German 
Electrical and Electronic 
Manufacturer's 
Association) to 
allow data exchange between 
NC controls and drives via fiber 
optic rings, with isolation and 
noise immunity. The HFBR- 
0600 family of fiber optic trans- 
mitters and receivers comply to 
the SERCOS specifications for 
transmitter 
and receiver optical 


characteristics 
and connector 


style (SMA). 


Description 
The HFBR-0600 components 
are capable of operation at 
symbol rates from DC to over 2 
MBd and distances from 0 to 
over 20 metres. The HFBR-1602 
and HFBR-1604 transmitters 
contain a 655-nm AlGaAs 
emitter capable of efficiently 
launching optical power into 
1000 11mplastic optical fiber. 
The optical output is specified 
at the end of 0.5 m of plastic 
optical fiber. 


The HFBR-1604 is a selected 
version of the HFBR-1602, with 
power specified to meet the 
SERCOS high attenuation 
specifications. 


The HFBR-2602 receiver incor- 
porates an integrated 
photo IC 
containing a photodetector and 
dc amplifier driving an open- 
collector Schottky output 
transistor. 
The HFBR-2602 is 


designed for direct interfacing 
to popular logic families. The 
absence of an internal pull-up 
resistor allows the open- 
collector output to be used with 
logic families such as CMOS 
requiring voltage excursions 
higher than Vcc.The HFBR-2602 
has a dynamic range of 15 dB. 


CAUTION: The small junction sizes inherent to the design of this component increase the ~omponent's 
susceptibility to damage from electrostatic discharge (ESD). It 's adv,sed that normal statzc precautzons be taken 
in handling and assembly of this component to prevent damage and/or degradatzon wh,ch may be mduced by 
ESD. 
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PINS 2,3,6,7 
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"Pins 1. 4. 5. and 8 are isolated from the internal circuitry. but electrically connected to 
i~~'~~T~R 
one another. 
""Transmitter 
Pin 7 may be left unconnected if necessary. 


Pin 
Function 
p 
N.C. 


2 
ANODE 
3 
CATHODE 
4' 
N.C. 


S· 
N.C. 


6 
N.C. 


7" 
CATHODE 
S' 
N.C 


In the receiver, both the open- 
collector "Data" output Pin 6 
and Vcc Pin 2 are referenced to 
"Common" Pin 3 and 7. It is 
essential that a bypass 
capacitor (0.1 ~F ceramic) be 
connected from Pin 2 (Vcc)to 
Pin 3 (circuit common) of the 
receiver. 


Pin 
Function 
l' 
N.C. 


2 
Vcc (S Y) 
3 
COMMON 
4' 
N.C. 


S' 
N.C. 


6 
DATA 
7 
COMMON 


S' 
N.C. 


SMA is an industry standard 
fiber optic connector, available 
from many fiber optic connector 
suppliers. HFBR-RWS002 is a 
two meter SMA, 1000 ~m 
plastic fiber optic cable for 
evaluation purposes. HFBR- 
4401 is a kit consisting of 100 
nuts and 100 washers for panel 
mounting the HFBR-0600 
components. 


HFBR-0600 SMA Series 
Mechanical Dimensions 
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Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
85 
°C 


Operating 
Temperature 
TA 
-40 
85 
°C 


Lead Soldering 
Cycle 
I 
Temp. 
260 
°C 
Note 1 


I Time 
10 
s 
Note 1 


Forward 
Input Current 
Peak 
IFPK 
120 
mA 


Forward 
Input Current 
Average 
IFavg 
60 
mA 


Reverse Input Voltage 
VBR 
-5 
V 


Parameter 
Symbol 
Min. 
Typ,[2] 
Max. 
Unit 
Condition 
Reference 


Forward 
Voltage 
VF 
1.5 
1.9 
2.2 
V 
IF = 35 mA 


Forward 
Voltage 
/'NF/!'J.T 
-1.2 
mV/oC 
IF = 35 mA 


Temp. Coefficient 


Reverse Input Voltage 
VBR 
-5.0 
-18 
V 
IR = 100 IJA 


Peak Emission 
A.p 
640 
655 
675 
nm 
Wavelength 


Full Width Half 
FWHM 
20 
30 
nm 
25°C 
Maximum 


Diode Capacitance 
CT 
30 
pF 
VF = 0 
f = 1 MHz 


Optical Power Temp. 
!'J.PT/!'J.T 
-0.01 
dBmJOC 
IF = 35 mA 


Coefficient 


Thermal 
Resistance 
8JA 
330 
°CIW 
Notes 3, 4 


Peak Optical Output 
PT1602 
-10.5 
-5.5 
dBm 
IF = 35 mA 
Notes 5, 6, 


Power ofHFBR-1602 
11 


Peak Optical Output 
PT1604 
-7.5 
-3.5 
dBm 
IF = 60 mA 
Notes 5, 6, 


Power ofHFBR-1604 
-10.5 
-5.5 
dBm 
IF = 35 mA 
11 


Rise Time (10% to 90%) 
tr 
57 
ns 
IF = 60 mA 
50 
ns 
IF = 35 mA 


Fall Time (90% to 10%) 
tr 
40 
ns 
IF = 60 mA 
27 
ns 
IF = 35 mA 


HFBR-2602 Receiver 


Absolute 
Maximum 
Ratings 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
85 
°C 


Operating 
Temperature 
TA 
-40 
85 
°C 


Lead Soldering 
Cycle 
I 
Temp. 
260 
°C 
Note 1 


I 
Time 
10 
s 
Note 1 


Supply Voltage 
Vee 
-0.5 
7.0 
V 


Output 
Current 
10 
25 
mA 


Output 
Voltage 
Vo 
-0.5 
18.0 
V 


Output 
Collector Power Dissipation 
POAVG 
40 
mW 


Fan Out (TTL) 
N 
5 
Note 8 


ElectricalJOptical 
Characteristics 
0 to 55°C; 


Fiber core diameter 
~ 1.0 mm, fiber N.A. ~ 0.5,4.75 
V ~ Vee ~ 5.25 V 


Parameter 
Symbol 
Min. 
Typ.l21 
Max. 
Unit 
Condition 
Reference 


High Level Output 
IOH 
5 
250 
!1A 
VOH= 18 V 
Current 
PR < -31.2 dBm 


Low Level Output 
VOL 
0.4 
0.5 
V 
IOL= 8 mA 
Voltage 
PR > -20.0 dBm 


High Level Supply 
IeeH 
3.5 
6.3 
mA 
Vee = 5.25 V 
Current 
PR < -31.2 dBm 


Low Level Supply 
IeeL 
6.2 
10 
mA 
Vee = 5.25 V 
Current 
PR > -20.0 dBm 


Parameter 
Symbol 
Min. 
Typ.l21 
Max. 
Unit 
Condition 
Reference 


Peak Input Power 
PRH 
-31.2 
dBm 
A.p= 655 nm 
N~te 7 


Level Logic HIGH 


Peak Input Power 
PRL 
-20.0 
-5.0 
dBm 
IOL= 8 mA 
Note 7 


Level Logic LOW 


Propagation 
Delay 
tpLH 
60 
ns 
PR = -20 dBm 
Note 8, 9 


LOW to HIGH 
2MBd 


Propagation 
Delay 
tpHL 
110 
ns 
PR= -20 dBm 
Note 8, 9 
HIGH to LOW 
2MBd 


Pulse Width 
PWD 
50 
ns 
PR = -5 dBm 
Note 10 
Distortion, 
Figure 
6 
tpLH- tpHL 
-50 
ns 
PR = -20 dBm 


Notes: 
1. 2.0 mm from where leads enter case. 
2. Typical data at TA = 25°C. 
3. Thermal 
resistance 
is measured 
with 
the transmitter 
coupled to a connec- 
tor assembly 
and fiber, and mounted 


on a printed 
circuit board. 


4. Transmitter 
pins 3 and 7 are welded 
to the cathode header connection to 
minimize the thermal 
resistance 
from junction 
to ambient. 
To further 


reduce the thermal 
resistance, 
the 


cathode trace should be made as 
large as is consistent 
with good RF 


circuit design. Pin 7 may be left 
unconnected 
if necessary 
for board 
compatibility 
HFBR-14XX 
transmitters. 


5. PT is measured 
with a large area 


detector at the end of 0.5 metre of 
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Figure 
1. Forward 
Voltage 
and 
Current Characteristics. 


plastic optical fiber with 1 mm 
diameter 
and numerical 
aperture 
of 
0.5. 


6. When changing llW to dBm, the 


optical power is referenced 
to 1 mW 
(1000 llW). Optical Power p(dBm) 
= 
10 log [P (11W)/1000 11W]. 


7. Measured 
at the end of Imm plastic 
fiber optic cable with a large area 
detector. 


8. 8 mA load (5 x 1.6 mA), RL = 560 
ohms. 


9. Propagation 
delay through 
the 
system is the result of several 
sequentially 
occurring phenomena. 
Consequently 
it is a combination 
of 
data-rate-limiting 
effects and of 
transmission-time 
effects. Because of 
this, the data-rate 
limit of the system 
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Figure 
2. Typical 
Transmitter 


Output 
vs. Forward 
Current. 
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must be described in terms of time 
differentials 
between 
delays imposed 
on falling and rising e~ges_ As the 
cable length is increased, 
the propa- 
gation delays increase. 
Data-rate, 
as 


limited by pulse width distortion, 
is 


not affected by increasing 
cable 


length if the optical power level at 
the receiver is maintained. 


10. Pulse width distortion 
is the 


difference between 
the delay of the 


rising and falling edges_ 


11. Both HFBR-I602 
and HFBR-I604 


meet the SERCOS "'low attenuation" 
specifications 
when operated at 
35 mA; only HFBR-1604 meets the 
SERCOS "'high attenuation"' 
limits 


when operated 
at 60 mA. 
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Figure 
3. Transmitter 
Spectrum 
Normalized 
to the Peak 
at 25°C. 
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Figure 
4. Typical 
Propagation 
Delay 


through 
System 
with 
0.5 Metre 
of Cable. 
Figure 
5. Typical 
HFBR-160X/2602 
Link 
Pulsewidth 
Distortion 
vs. Optical 
Power. 


\ 


p 
_ 
FROM O.5·METRE 
-= 
T 
TEST CABLE 


~ 
: 


TIMING 
ANALYSIS 
EQUIPMENT 


e.g., 


SCOPE 


1 


_100 "'j 
PULSE 
REPETITION~oon$---1 


INPUT 
FREQ." 
1 MHt 
I 


IF 
~--------- 
---- 
t; tPLHT 
I 
tPHL 
T 


Vo 
::~~ 
~~~l :~~I 


'5V~---~ 
0-------------------- 
I 


r/ij;e. HEWLETT 
~I''''' PACKARD 


Glass Fiber-Optic Cable/ 
Connector Assemblies 


Features 
• Choice of ST or SMA 
Connectors 
• Connectors 
Factory 
Installed 
and Tested 
• Choice of 501125lJlD, 
62.5/ 
1251J.lD or 100/140 
IJ.lDFiber 
• Tight Jacket 
Construction 
• UL Recognized, 
Meets 
OFNR Listing 
(UL 1666) 
• Parameters 
Optimized for 
Data Communication 
Applications 


Description 
HP connectored cable 
assemblies are available in 
various industry standard 
sizes 
and styles. The designer may 
------ 
choose among 50/125 ~m, 
62.5/125 ~m and 100/140 ~m 
cable and ST and SMA 
connectors (50/125 ~m is 
available with only ST 
connectors in one- and ten- 
metre lengths). These cable 
assemblies have been specified 
for use with HP's 820 nm and 
1300 nm fiber-optic 
transmitters 
and receivers and 
are ideal for various data 
communication applications. 


Each cable assembly has been 
factory assembled and 100% 
tested according to industry- 
standard procedures. 
Therefore, designers can be 
assured that they are receiving 
the highest possible quality 
cable assemblies for their 
prototyping, testing or 
production needs. 


HFBR- 
Cable Code 


A - 100/140 ~m 
B - 62.5/125 ~m 
C - 50/125 ~m* 


DDDDDD 


~ngthCode 


Connector 
Code 


W - SMA connector 
X - ST connector 


1-10 m, I-m increments 


e.g. 005 = 5 m 
25-50 m, 5-m increments 


e.g. 025 = 25 m 


Channel Code 


S - single channel 
D - dual channel 


HFBR-AWS050, quantity 
1: 
one 50 m simplex, 100/140 11m 
cable assembly with SMA 
connectors 


Cable Length 
(metres) 
Tolerance 


1- 10 
+10/-0 % 


25 - 50 
+1/-0 metre 


HFBR-BXD005, quantity 
2: two 
5 m duplex, 62.5/125 IJ.rn cable 
assemblies with ST connectors 


LENGTH -------1 


Parameter 
Min. 
Max. 
Unit 


Storage Temperature 
-40 
+70 
°C 


Operating Temperature 
-20 
+70 
°C 


Single 
Dual 
Parameter 
Channel 
Channel 
Unit 
Conditions 
Note 


Maximum Tensile Load 
ElA-455-33 


Short Term 
500 
1000 
N 
2 


Long Term 
300 
500 
N 


Minimum Bend Radius 


Short Term 
5.0 
5.0 
cm 
500 N Tensile Load 


Long Term 
3.0 
3.0 
cm 
300 N Tensile Load 


Crush Resistance 
750 
750 
N/cm 
EIA-455-41 


Impact Resistance 
1000 
1000 
cycles 
EIA-455-25 @ 1.6 N-m 


Flex Resistance 
7500 
7500 
cycles 
ElA-455-104 


Maximum Vertical Rise 
1000 
1000 
m 


• 


50/125~ 
62.5/125~ 
1001140~ 


Core Diameter 
(J.Lm) 
50 
62.5 
100 


Cladding 
Diameter 
(J.Lm) 
125 
125 
140 


Buffer Diameter 
(J.Lm) 
900 
900 
900 


Cable Outside 
Diameter 
(mm) 


Single Channel 
2.9 
2.9 
2.9 


Dual Channel 
2.9x5.8 
2.9x5.8 
2.9x5.8 


50/125~ 
62.5/125~ 
100/140~ 
Conditions 


Maximum 
Attenuation 
(dBlkm) 
5.0/4.0 
5.0/3.0 
6.0/5.0 
EIA-455-46 


Typical Attenuation 
(dBlkm) 
4.0/2.0 
4.5/2.0 
5.513.5 


Minimum 
Modal Bandwidth 
(MHz-km) 
400/400 
160/200 
1001100 
EIA-455-30 


Typical 3dB Optical Bandwidth- 
Length 
4lJ250 
40/180 
38/95 
Product 
(MHz-km)!3] 


Numerical 
Aperture 
0.20 
0.275 
0.29 
EIA-455-47 
method A,B,C 


:i/J 


VC 
OUTER 
JACKET 


"'RAMID 
STRENGTH 
MEMBERS 


BUFFER 
JACKET 


FIBER 
COATING 


GLASS 
OPTICAL 


~ 
FIBER 


J 29mm L 


Notes: 
1. HP is in the process of obsoleting 
the 


following part numbers 
and does not 


recommend 
their use for new 
designs: 
HFBR-AHDxxx 
and HFBR- 


AHSxxx cable assemblies, 
the 
HFBR-4000 
connector, 
the HFBR· 
3099 mating 
adapter, 
and HFBR- 


010010101/0102 
connectoring 
kits. 


Please 
contact 
your local HP 
components 
representative 
for more 


information. 


2. Short term is < 6 hours. 
3. Calculations 
are based on worst case 


parameters 
ofHP 
820 om and 1300 


om optical 
components. 
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Gigabit Rate Transmit 
Receive Chip Set 


Features 
• Transparent, 
Extended 
Ribbon Cable Replacement 
• High-Speed Serial Rate 
110-1400 MBaud 
• Standard 
lOOK ECL 
Interface 
16,17,20, 
or 21 Bits Wide 
• Reliable Monolithic Silicon 
Bipolar Implementation 
• On-chip Phase-Locked 
Loops 
- Transmit 
Clock 
Generation 
- Receive Clock Extraction 


Applications 
• Point to Point Data Links 
• Implement 
SCI-FI 
Standard 
• Implement 
Serial mpPI 
Specification 
• Backplane 
Extender 


Description 
The HDMP-1002 transmitter 
and the HDMP-I004 receiver 
are used to build a high speed 
data link for point to point 
communication. The HDMP- 
1000 consists of one HDMP- 
1002 and one HDMP-I004. The 
monolithic silicon bipolar 
transmitter 
chip and receiver 
chip are each provided in a 


standard, 
68 pin, ceramic quad 
flat pack (CQFP). 


From the user's viewpoint, these 
products can be thought of as 
providing a "virtual ribbon 
cable" interface for the trans- 
mission of data. Parallel data 
loaded into the Tx (transmitter) 
chip is delivered to the Rx 
(receiver) chip over a serial 
channel, which can be either a 
coaxial copper cable or optical 
link. 


The chip set hides from the user 
all the complexity of encoding, 
multiplexing, clock extraction, 
demultiplexing and decoding. 
Unlike other links, the phase- 
locked-loop clock extraction 
circuit also transparently 
provides for frame synchroniza- 
tion - the user is not troubled 
with the periodic insertion of 
frame synchronization words. In 
addition, the dc balance of the 
line code is automatically 
main- 
tained by the chip set. Thus, the 
user can transmit 
arbitrary 
data without restriction. The Rx 
chip also includes a state- 
machine controller (SMC) that 
provides a startup handshake 
protocol for the duplex link 
configuration. 


HDMP-lOOOTxIRx Pair 
HDMP·I002 
Transmitter 


HDMP-lOO4Receiver 


The serial data rate of the TIR 
link is selectable in four ranges 
(see tables on page 3), and 
extends from 110Mbitsls up to 
lAGbitsis. The parallel data 
interface is 16 or 20 bit single- 
ended ECL, pin selectable. A 
flag bit is available and can be 
used as an extra 17th or 21st bit 
under the user's control. The 
flag bit can also be used as an 
even or odd frame indicator for 
dual-frame transmission. 
If not 
used, the link performs 
expanded error detection. The 
serial link is synchronous, and 
both frame synchronization 
and 
bit synchronization 
are 


maintained. 
When data is not 
available to send, the link 


• 


maintains 
synchronization 
by 
transmitting 
fill frames. Two 
(training) 
fill frames 
are 
reserved 
for handshaking 
during link startup. 


User control words are sup- 
ported. If CAV* is asserted 
at 
the Tx chip, the least significant 
14 or 18 bits ofthe 
data are sent 
and the Rx CAV* line will indi- 
cate the data as a control word. 


OATA OUT 


CLOCK 


HDMP·1OO2 (Tx), HDMP-I004 
(Rx) 
Absolute Maximum Ratings 
Tc = 25°C, except as specified. Operation 
in excess of anyone 
of these conditions 
may result 
in 
d 
h' d 
. 
ermanent 
amaf!e to t 
IS 
eVlce. 


Symbol 
Parameter 
Units 
Minimum 
Maximum 


VEE 
Supply Voltage 
V 
-7 
+0.5 


V1N,ECL 
ECL Input Voltage 
V 
-3 
+0.5 


VIN,BBL 
H50 Input Voltage 
V 
-2 
+1 


Ie,ECL 
ECL Output 
Source Current 
mA 
+50 


Totg 
Storage Temperature 
°C 
-40 
+130 


TJ 
Junction 
Temperature 
°C 
-40 
+130 


Tmax 
Maximum 
Assembly Temperature 
°C 
+260 
(for 10 seconds maximum) 


HDMP·I002 (Tx), HDMP·1004 (Rx) 
Guaranteed 
Operating Rates For 16Bit Modell] 
Tc= O°Cto +85°C, VEE = -4.5 V to -5.5 V 


Parallel 
Word Rate 
Serial Data Rate 
Serial 
Baud Rate 
(Mbitlsec) 
(Mbitlsec) 
(MBaud) 


DIYl 
DIYO 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


0 
0 
42.5 
65 
680 
1040 
850 
1300 


0 
1 
21.3 
41 
340 
656 
425 
820 


1 
0 
10.6 
20.7 
169.6 
332 
212 
415 


1 
1 
5.5 
10.2 
88 
164 
110 
205 


Note: 
1. Extended 
operating 
rates 
to 1520 MBaud/sec 
(typ) are pcssible 
for T, = O°C to +55°C. 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
Guaranteed 
Operating Rates For 20 Bit Mode[I] 
Tc = O°Cto +85°C, VEE = -4.5 V to -5.5 V 


Parallel 
Word Rate 
Serial Data Rate 
Serial 
Baud Rate 
(Mbitlsec) 
(Mbitlsec) 
(MBaud) 


DIYl 
DIYO 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


0 
0 
35.4 
58.3 
708.3 
1166.7 
850 
1400 


0 
1 
17.7 
34.2 
354.2 
683.3 
425 
820 


1 
0 
8.8 
17.3 
176.6 
345.8 
212 
415 


1 
1 
4.6 
8.5 
91.7 
170.8 
110 
205 


Note: 
1. Extended 
operating 
rates 
to 1640 MBaud/sec 
(typ) are pcssible 
for T, = O°C to +55°C. 
I 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
DC Electrical Specifications 
Tc = O°C to +85°C, VGND = Ground, VEE= -4.5 V to -5.5 V 


Symbol 
Parameter 
Unit 
Minimum 
Typical 
Maximum 


V1H,ECL 
ECL Input High Voltage Level, 
mV 
-1150 
Guaranteed 
high signal for all inputs 


V1L,ECL 
ECL Input Low Voltage Level, 
mV 
-1600 
Guaranteed 
low signal for all inputs 


VOH,ECL 
ECL Output 
High Voltage Level, 
mV 
-1050 
Terminated 
with 300 n to -2.0 V 


VOL,ECL 
ECL Output 
Low Voltage Level, 
mV 
-1500 
Terminated 
with 300 n to -2.0 V 


V1P,HOO 
H50 Input Peak-to-Peak 
Voltage 
mV 
200 


VOH,BLL 
BLL Output 
High Voltage Level, 
V 
-0.9 
Terminated 
with 50 n to -1.3 V 
• 


VOL,BLL 
BLL Output 
Low Voltage Level, 
V 
-1.70 
Terminated 
with 50 n to -1.3 V 


VOP,BLL 
BLL Output 
Peak-to-Peak 
Voltage, 
V 
. 
+0.8 
Terminated 
with 50 n,ac coupled 


IEE,Tx 
Transmitter 
VEESupply Current, 
mA 
+340 
" 
"- 


with HCLKSEL 
off, VEE= -5.0 V, Tc = 25°C 


IEE,Rx 
Receiver VEESupply Current, 
mA 
- 
+427 
VEE= -5.0 V, Tc = 25°C 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
AC Electrical Specifications, 
Tc = 25°C 


Symbol 
Parameter 
Unit 
Min. 
Typ. 
Max. 


t,.,ECL 
ECL Rise Time, (20-80%), Terminated 
with 300 n to -2.0 V 
nsec 
1 


tr,ECL 
ECL Fall Time, (80-20%), Terminated 
with 300 n to -2.0 V 
nsec 
2 


t,.,BLL 
BLL Rise Time, (20-80%), Terminated 
with 50 n,ac coupled 
psec 
170 


tr,BLL 
BLL Fall Time, (80-20%), Terminated 
with 50 n,ac coupled 
psec 
200 


VSW~,HOO 
H50 Input VSWR 
2:1 


VSWR..,BLL BLL Output 
VSWR 
2:1 


HDMP·I002 (Tx) 
Timing Characteristics 
Tc = O°C to +85°C, VEE = -4.5 V to -5.5 V 


Symbol 
Parameter 
Unit 
Min. 
Typ. 
Max. 


t. 
Setup Time, for Rising Edge of STRBIN Relative to 
nsec 
2.0 
Do-DI9, ED, FF, DAV*, CAV*, and FLAG 


th 
Hold Time, for Rising Edge of STRBIN Relative 
to 
nsec 
2.0 
Do-DI9, ED, FF, DAV*, CAV*, and FLAG 


td 
Delay Time, from Rising Edge of STRBIN to First 
nsec 
1.0 
Data Bit Out (Do) 


~T.trb 
STRBOUT - STRBIN Delay 
nsec 
1 
3 
5 


HDMP·I004 (Rx) 
Timing Characteristics 
Tc = O°C to +85°C 


Symbol 
Parameter 
, 
Unit 
Min. 
Typ. 
Max. 


t~l 
Synchronous 
Output 
Delay 
nsec 
2.0 


td2 
State Machine 
Output 
Delay 
nsec 
4.0 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
Typical Lock·Up Time, Tc = 25°C 


DIVl 
DIVO 
HDMP·1002, 
msec 
HDMP-1004, 
msec 
LINK[l), msec 


0 
0 
2.0 
2.2 
2.5 


0 
1 
3.0 
3.2 
3.5 


1 
0 
4.5 
4.7 
5.0 


1 
1 
8.0 
11.0 
12.0 


Note: 
1. Measured 
in Local Loop-Back mode with the state machine 
engaged 
and 0 cable length. 


HDMP·I002 (Tx) 
Thermal Characteristics, 
TA= 25°C 


Symbol 
Parameter 
Units 
Typical 


Sjc 
Thermal 
Resistance 
Die to Case 
°ClWatt 
12 


PD 
Power Dissipation, 
VEE = -5 V 
Watt 
1.75 


HDMP·I004 (Rx) 
Thermal Characteristics, 
TA= 25°C 


Symbol 
Parameter 
Units 
Typical 


Sjc 
Thermal 
Resistance 
Die to Case 
°ClWatt 
12 


PD 
Power Dissipation, 
VEE = -5 V 
Watt 
2.25 


• 


110Type 
Definition 
- 


I-ECL 
Input ECL. Similar 
to lOOK ECL, but with pull-down. Thus, ifthe 
input is left 
unconnected, 
the buffer generates 
a default value of "0". The input can also be directly 


connected 
to ground to generate 
a "I". 


O-ECL 
Output 
ECL. Similar 
to lOOK ECL but should be terminated 
with RTT ~300 Q, and do 
not exceed 10 cm connection 
distance. 


IT-ECL 
Input Test ECL. Can be turned 
off when not used. 


OT-ECL 
Output 
Test ECL. Can be turned 
off when not used. 


O-BLL 
50 Q buffer line logic output 
driver. Will put out ECL levels if terminated 
with 50 Q to 
-1.3 V, otherwise 
can be AC coupled to drive any 50 Q loads. It can also drive the I-H50 
inputs 
through 
differential 
direct coupling. Note: all unused 
outputs 
should be 
terminated 
with 50 Q to ground. 


I-H50 
Input with internal 
50 Q terminations. 
Input is diode level shifted so that it can swing 
around ground. 
Can be driven with single-end 
configuration. 
Commonly used with input 
single-end 
AC coupling from an O-BLL driver or another 
50 Q source, or differential 
direct coupling from an O-BLL driver. 


C 
Filter capacitor 
node. 


S 
Power supply or ground. 


I 
I EClGNO 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


HGNOI 
I 


'I 
I 


..J 
..J 
W 
..J 
W 
3;~ 


..J..J 
W 
en 
wW 
en " 
~;~~ 
0 
!il 
:5 
!~ 
"- 
::Ii 
II: 
"- 
enw 
CC::li::li 


VEE 


DIVl 
Diva 
DOUT" 


DOUT 


LOOPEN 


LOUT" 


LOUT 


GND 
NC 


HCLI<· 


HCLK 


HCLI<ON 
STRBIN" 


STRBIN 


HGND 
CAPl 


7 
8 • 
0 
1 
2 1 
4 
5 
6 
0..J..J 
...I" 
•. U. 00 
0 c 
www 
UJ»u. 
w z 
"- 
z 
en < < 
" 
II: " 
"OU 
..J 
:5 
u 


"- 
w 


Name 
Pin 
Type 
Signal 


DOO 
20 
I-ECL 
Data Inputs: 
20 Bit data is encoded and transmitted 
when 
DOl 
21 
M20SEL is active; otherwise the 16 least significant bits are 


D02 
22 
encoded and transmitted. 
The encoded bits are transmitted 
LSB 
D03 
23 
first, e.g.: DOis sent first, through to either D15 or D19, followed by 


D04 
24 
the 4 coding bits CO-C3. 


D05 
25 
D06 
26 
D07 
27 
D08 
28 
D09 
29 
010 
30 
D11 
31 
D12 
32 
013 
33 
D14 
36 
015 
37 
D16 
38 
D17 
39 
018 
40 
D19 
41 


FLAG 
19 
I-ECL 
Extra 
Flag Bit: When FLAGSEL is active, this input is sent as an 
extra data bit in addition to the normal Data inputs. When 
FLAGSEL is not Asserted, this input is ignored and the transmitted 
Flag bit is internally 
alternated 
to allow the Rx chip to perform 
enhanced frame error detection. 


DAV* 
11 
I-ECL 
Data Available 
Input: 
This active-low input tells the chip that the 


user has valid data to be transmitted. 
This pin should be asserted 


only after the user has determined that the RFD line is active for a 
given frame cycle. When this pin is asserted, the information 
on the 


Data and Flag inputs is encoded and sent as a Data frame. 


CAV* 
12 
I-ECL 
Control 
Word Available 
Input: 
This active-low input tells the 
chip that the user is requesting 
a control word be transmitted. 
This 


pin should only be asserted after the user has determined 
the RFD 
line is active for a given frame cycle. When this pin is asserted, the 
information on the Data inputs is sent as a control frame. IfCAV 
and DAV are asserted simultaneously, 
CAY takes precedence. 


RFD 
16 
O-ECL 
Ready 
for Data: Output to tell the user the Link is ready to 
transmit 
data. This pin is a retimed version of the ED input, which 


is driven by the Rx chip state machine controller. 


STRBIN 
66 
I-H50 
Data Clock Input: 
When EHCLKSEL is low, this input is phase 


STRBIN* 
65 
locked and multiplied to generate the high speed serial clock. The 
chip expects a clock frequency which is equal to the input frame rate 
if MDFSEL (double frame mode) is low, and 1/2 the frame rate if 
MDFSEL is high. When EHCLKSEL is high, the PLL is bypassed, 
and STRBIN directly becomes the high speed serial clock. In all 
cases, STRBOUT is derived from the high speed serial clock, and the 
input data is latched in on the rising edge of STRBOUT. 


Name 
Pin 
Type 
Signal 


STRBOUT 
6 
O-ECL 
Frame-rate 
Data 
Clock 
Output: 
This output 
is always a frame 
rate clock derived from STRBIN. Input data is latched 
on the rising 
edge of STRBOUT. With a buffer or pulled down with a 1 K resistor 
to VEE and ac-coupled, this output is ideal for triggering 
an 


oscilloscope for examining 
the serial output 
eye pattern 
DOUT 
or LOUT. 


DOur 
56 
O-BLL 
Normal 
Serial 
Data 
Output: 
Output 
used when LOOPEN is not 
DOUT* 
55 
active. This output is a special buffer line logic driver which is a 50 n 
back-terminated 
ECL compatible 
output. 


LOUT' 
59 
O-BLL 
Loop Back 
Serial 
Data 
Output: 
Output 
used when LOOPEN is 
LOUT* 
58 
active. Typically, this output 
will be used to drive the LIN, LIN* 
inputs 
of the Rx chip. 


LOOPEN 
57 
I-ECL 
Loop Back 
Control: 
Input which controls whether 
the DOUT, 


DOUT* or the LOUT, LOUT* outputs 
are currently 
enabled. 
If 
active, LOUT, LOUT* are enabled. 
The unused 
output 
is powered 
down to reduce dissipation. 


FLAGSEL 
10 
I-ECL 
Flat 
Bit Mode 
Select: 
When this input is high, the extra FLAG bit 
input is sent as an extra transparent 
data bit. Otherwise, 
the FLAG 
input is ignored and the transmitted 
flag bit is internally 
alternated 
by the transmitter. 
The Rx chip can provide enhanced 
frame error 
detection 
by checking for strict alternation 
of the flag bit during data 
frames. The FLAGSEL input on the Rx chip should be set to the 
same value as the Tx FLAGSEL input. 


M20SEL 
9 
I-ECL 
16 or 20 Bit Word 
Select: 
When this signal is high, the link 


operates 
in 20 Bit data transmission 
mode. Otherwise, 
the link 
operates 
in 16 Bit mode. 


MDFSEL 
8 
I-ECL 
Select 
Double 
Frame 
Mode: When this signal is high, the PLL 
expects a 1/2 speed parallel 
clock at STRBIN. The chip then 


internally 
multiplies 
this clock and produces 
a full-rate 
parallel 


clock at STRBOUT. This feature 
is provided 
so that either a 40 bit or 
32 bit word can be easily transmitted 
as two 20, or two 16 bit words. 
When MDFSEL is low, the PLL expects a full-rate 
parallel 
clock at 


STRBIN, and returns 
a locked replica of STRBIN on the STRBOUT 
pin. In both modes Data is latched 
on the rising edge ofSTRBOUT. 


DIVO 
54 
ECL 
VCO Divider 
Select: 
These two pins program 
the VCO divider 
DIVI 
53 
chain to operate 
at full speed, half speed, quarter 
speed, or one- 
eighth speed. 


RST* 
42 
I-ECL 
Chip 
Reset: 
This active-low pin initializes 
the internal 
chip 


registers. 
It should be asserted 
during power up for a minimum 
of 
5 parallel-rate 
clock cycles to ensure 
a complete reset. 


ED 
14 
I-ECL 
Enable 
Data: 
This signal comes from the Rx chip state machine 
and 
is used to control the RFD output 
of the Tx chip. The state machine 
only allows data to be enabled when both sides of the link have 
established 
stable lock. 


Name 
Pin 
Type 
Signal 


FF 
13 
I-ECL 
Fill Frame 
Select: When neither CAY or DAV is asserted, or when 


ED is false, fill frames are automatically 
transmitted 
to allow the 
Rx chip to maintain lock. The type offill frame sent is determined 
by the state ofthis pin. FFOs are sent iflow, and either FF1a or 
FF1b is sent ifFF is high. The choice ofFF1a or FF1b is determined 
by the state of the cumulative line DC balance. 


LOCKED 
7 
O-ECL 
Loop In-lock 
Indication: 
This signal indicates the lock status of 
the Tx PLL. A high value indicates lock. This signal is normally 
connected to the SMTRST1 reset input of the Rx state machine to 
force the link into the start-up state until the Tx PLL has locked. 
This signal may give multiple false-lock indications during the 
acquisition process, so should be debounced ifit is used for any other 
purpose than to drive the Rx chip. 


CAPOD 
1 
C 
Loop Filter 
Capacitor: 
A loop filter capacitor may be connected 
CAPOS 
1 
across the CAPOand CAP1 inputs to increase the loop time 
CAPlD 
68 
constant. The packaged part contains a nominal capacitance 
CAP1S 
68 
internally 
so that under normal conditions no external capacitor is 


required. 


INV 
50 
O-ECL 
Invert 
Signal: A high value of INV implies that the current frame 


is being sent inverted to maintain long-term DC balance. With a 
buffer, or pulled down with a 1K resistor to VEE and ac coupled, this 
signal is useful as an aid to analyzing the serial output stream with 
an oscilloscope. 


TEMP 
44 
T 
Temperature 
Sense Diode: Used during wafer and package test 
only. It should be left open otherwise. 


HCLKON 
64 
I-ECL 
HCLK Power-down 
Control: 
When this pin is de-asserted, 
the 


HCLK, HCLK* outputs are powered down to reduce power 
dissipation. 


HCLK 
63 
O-BLL 
High Speed Clock Monitor: 
Used to monitor actual clock signal 
HCLK* 
62 
used to transmit the serial data. This signal will either be the 
divided VCO output, or the divided external clock input, depending 
on the value of the EHCLKSEL input. 


EHCLKSEL 
4 
I-ECL 
EHCLK Enable: 
When active, this input causes the STRBIN inputs 


to be used for the transmit 
serial clock, rather than the internal 
VCO clock. This is useful for generating extremely low jitter test 
signals, or for operating the link at speeds that are not within the 
VCO range. When the EHCLKSEL is active, it is necessary for the 
data source to take its clock from the link rather than the usual 
operation where the Link phase-locks onto the data source clock. 


GND 
60 
S 
Ground: 
Normally 0 volts. This ground is used for everything 
51 
other than the noisy ECL outputs 
34 
17 


Name 
Pin 
Type 
Signal 


HGND 
67 
S 
High 
Speed 
Ground: 
Normally 
0 volts. This ground is used to 
provide a clean reference 
for STRBIN and STRBIN* inputs. 
For 
optimum 
impedance 
matching, 
it is suggested 
that the physical 
distance 
between 
this pin and the ground plane be minimized. 


ECLGND 
43 
S 
ECL Ground: 
Normally 
0 volts. This ground is used for the 
15 
ECL pad drivers. 
For best performance 
it is suggested 
that 
5 
coupling of the noisy ECLGND to the clean GND and HGND 
grounds be minimized. 


VEE 
52 
S 
Power: 
Normally 
-5 V ± 10%. 
35 
18 
2 


OIN 


L1N 


LOOPEN 


EQEN 


FLAG 
OAVCRV 
FF 
ERROR 


LINK ROY 
STATl 
STATD 
• 


VEE 
FDIS 
EQEN 


UN 
UN' 
LOOPEN 


DIN 


DIN' 


HGNO 
TCLK 
TCLK' 
TCLKSEL 
BCLK 
BCLK' 


OIVl 


OIVO 


CAPl 


GNO 
FLAG 


019 
018 
017 
016 
015 
014 
ECLGNO 
013 
012 
011 
010 
009 
008 
007 


VEE 


Name 
Pin 
Type 
Signal 


DIN 
58 
I-H50 
Normal 
Serial Data Input: 
This is the input used when LOOPEN 
DIN* 
59 
is not active. When WOPEN is high, the loop back data inputs 
LIN, LIN* are used instead. An optional cable equalizer may be 
enabled for the DIN, DIN* inputs by asserting EQEN. 


LIN 
55 
I-H50 
Loop Back Serial Data Input: 
Use this input when LOOPEN is 


LIN* 
56 
active. Unlike the DIN, DIN* inputs, this input does not have a 
cable equalizer. In normal usage, this input will be connected to 
the Tx chip LOUT, LOUT* outputs. This allows the user to check 
the near-end functionality of the Tx and Rx pair independent of the 
transmission medium. 


LOOPEN 
57 
I-ECL 
Loop Back Control: 
When asserted, this signal causes the loop 
back inputs LIN, LIN* to be used instead ofthe normal data inputs 
DIN, DIN*. 


EQEN 
54 
I-ECL 
Enable 
Input 
for Cable Equalization: 
When asserted, this signal 
activates the cable equalization amplifier on the DIN, DIN* 
serial data inputs. 


Name 
Pin 
Type 
Signal 


DOO 
10 
O-ECL 
Data Outputs: 
20 Bit data is received and decoded when M20SEL 
DOl 
11 
is active; otherwise 16 bit data is decoded and the D16-D19 bits are 
D02 
12 
undefined. 


D03 
13 
D04 
14 
D05 
15 
D06 
16 
D07 
19 
D08 
20 
D09 
21 
D10 
22 
D11 
23 
D12 
24 
D13 
25 
D14 
27 
D15 
28 
016 
29 
017 
30 
D18 
31 
D19 
32 


FLAG 
33 
O-ECL 
Flag Bit: If both Tx and Rx have FLAGSEL asserted, this 
output indicates the value of the transmitted 
flag bit, then this 
received bit can be treated just like an extra data bit. Ifboth 
Tx and Rx have FLAGSEL set to low, FLAG is used to differentiate 
the even frame from the odd frame in the line code. 


LINKRDY· 
40 
O-ECL 
Link Ready 
Indicator: 
This active-low output is a retimed version 
ofthe ACTIVE input. ACTIVE is normally driven by the Rx state 
machine output. LINKRDY then indicates that the startup 
sequence 
is complete and that the data and control indications are valid. 


DAV· 
39 
O-ECL 
Data Available 
Output: 
This active-low output indicates that the 
Rx chip data outputs are received Data frames. Data should be 
latched on the rising edge of STRBOUT. Note that during link 
startup, false data indications may be given. If the user is concerned 
about this possibility, then the DAV indication should be combined 
with the LINKRDY output before being used. 


CAY· 
38 
O-ECL 
Control 
Frame 
Available 
Output: 
This active-low output 
indicates that the Rx chip data outputs are receiving Control 
Frames. False CAYindications may be generated during link 
startup. 


FF 
37 
O-ECL 
Fill Frame 
Status: 
During a given STRBOUT clock cycle, if neither 
DAV, CAY, or ERROR are active, then the currently received frame 
is a Fill frame. The type ofFill frame received is indicated by the FF 
pin. If FF is low, then FFO has been received. If FF is high, then 
either FF1a or FF1b has been received. 
ERROR 
36 
O-ECL 
Received 
Data Error: 
Asserted when a frame is received that does 
not correspond to either a valid Data, Control, or Fill frame 
encoding.When FLAGSEL is not active, the Rx chip also tests for 
strict alternation 
of flag bits during data frames. A flag bit 
alternation 
error will also cause an ERROR indication. 


• 


Name 
Pin 
Type 
Signal 


STRBOUT 
41 
O-ECL 
Recovered 
Frame-rate 
Data Clock Output: 
This output is the 
PLL recovered frame rate clock. DO-D19, FLAG, DAV CAY, FF, 
LINKRDY, and ERROR should all be latched on the rising edge of 
STRBOUT. 


FLAGSEL 
42 
I-ECL 
Flag Bit Mode Select: 
When this input is high, the extra FLAG 
bit output is effectively an extra transparent 
data bit. Otherwise, the 


FLAG bit is checked for alternation 
during data frames. Any break in 


strict alternation 
results in an ERROR indication to the user. 


M20SEL 
45 
I-ECL 
16 or 20 Bit Word Select: When this signal is high, the link 
operates in 20 Bit data reception mode. Otherwise, the link operates 
in 16 Bit mode and data outputs D16-D19 are undefined. 


DIVO 
67 
I-ECL 
VCO Divider 
Select: These two pins program the VCO divider 


DIV1 
66 
chain to operate at full speed, half speed, quarter 
speed or one-eighth 


speed. 


FDIS 
53 
I-ECL 
Frequency 
Detector 
Disable 
Input: 
When active, this input 


disables the Rx PLL Frequency detector and enables a phase 
detector. The Frequency detector is used during the start-up 
sequence to acquire wide-band lock on Fill Frames, but must be 
disabled prior to sending data patterns. 
This input is normally 


controlled by the Rx state machine. 


ACTIVE 
50 
I-ECL 
Chip Enable: 
This input is normally driven by the Rx state 
machine output. The ACTIVE signal is internally 
retimed by 


STRBOUT and presented to the user as the LINKRKDY signal. 
This is how the Rx state machine signals the user that the start-up 
sequence is complete. 


SMCRSTO* 
46 
I-ECL 
State 
Machine 
Reset 
Inputs: 
Each of these active-low input pins 
SMCRST1* 
47 
reset the Rx state machine to the initial start-up 
state. This 


initiates a complete PLL restart 
and handshake 
at both ends of the 


duplex link. Normally, SMCRSTO* is connected to a power-up reset 
circuit or a host system reset signal. The SMCRST1 * input is 
normally connected to the Tx LOCKED output. The LOCKED 
signal holds the state-machine 
in the start-up 
state until the 
Tx PLL is locked. 


STATO 
48 
O-ECL 
State 
Machine 
Status 
Outputs: 
These outputs indicate the 
STAT1 
49 
current state-machine 
state. They are used to directly control the 
Tx ED, Tx FF, Rx FDIS, and Rx ACTIVE lines. 


CAPOD 
1 
C 
Loop Filter 
Capacitor: 
A loop filter capacitor may be connected 
CAPOS 
1 
across the CAPOand CAP1 inputs to increase the loop time 
CAPlD 
68 
constant. The packaged part contains a nominal capacitance 


CAP1S 
68 
internally 
so that under normal conditions no external capacitor is 


required. Each package pin is split into two die pads: suffixed "D" 
for drive and "S" for sense. This enables a four-point probe 
arrangement 
to be used to reduce noise in the loop. 


Name 
Pin 
Type 
Signal 


PHI 
3 
O-ECL 
Phase 
Detector 
Test Output: 
The output from the phase! 


frequency detector in the Rx PLL. When PHI is high, the VCO 
should increase frequency. If low, the VCO should decrease 
frequency. 


NCLK 
5 
O-ECL 
Nibble 
Clock Monitor: 
Leave unterminated 
in normal use. 


FCLK 
6 
O-ECL 
Frame 
Clock Monitor: 
Leave unterminated 
in normal use. 


TEMP 
4 
T 
Temperature 
Sense Diode: Used during wafer and package test 
only. It should be left open otherwise. 


BCLK 
64 
O-BLL 
VCO Monitor 
Output: 
These pins provide access to the internal 
BCLK* 
65 
VCO clock. 


TCLKSEL 
63 
I-ECL 
Enable 
Test Clock Input: 
When this input is active, the TCLK, 
TCLK* inputs are used in place of the normal VCO signal. This 
feature is useful both for synchronous systems and for chip testing. 


TCLK 
61 
I-H50 
External 
VCO Replacement 
Test Clock: When TCLKSEL 
TCLK* 
62 
is enabled, this input is used in place of the normal VCO signal, 
effectively disabling the PLL and allowing the user to provide an 
external retiming clock for testing. 


GND 
17 
S 
Ground: 
Normally 0 volts. This ground is used for all the core 
34 
logic other than the output drivers. 
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HGND 
60 
S 
High Speed 
Ground: 
Normally 0 volts. This ground is used to 
provide clean references for the high speed DIN, DIN*, LIN, LIN*, 
TCLK, TCLK* inputs. 


ECLGND 
9 
S 
ECL Ground: 
Normally 0 volts. This ground is used for the ECL 
26 
pad drivers. For best performance it is suggested that 
43 
coupling of the noisy ECLGND to the clean GND and HGND 
grounds be minimized. 


VEE 
2 
S 
Power: 
Normally -5 V ± 10% 


8 
18 
35 
44 
52 


NC 
5 
B 
Pins Not Connected: 
Pins that are not used, or are reserved 
6 
for future use. No connection should be made to any of these 


7 
signals to ensure compatibility with future releases. 


HDMP·I002 (Tx) Timing 
Figure 8 shows the Tx timing 
diagram. 
Under 
normal opera- 
tion, the Tx PLL locks to the 
STRBIN input with an internal 
frame clock. This frame clock is 
buffered 
to form STRBOUT 
with a delay of ~T.trb' For the 
case when MDFSEL is low, 
INFRMCLK 
is a phase locked 


version ofSTRBIN. 
IfMDFSEL 
is high, it is assumed 
that 
STRBIN is a one half frame rate 
clock and INFRMCLK 
is twice 


the frequency 
ofSTRBIN. 
If 


EHCLKSEL 
is high, the Tx uses 
the external 
high-speed 
clock 
from STRBIN instead 
of its 
internal 
VCO, and generates 
the appropriate 
INFRMCLK 
from the STRBIN inputs. 
When 
M20SEL is high, INFRMCLK 
is 
1/24th the frequency 
of HCLK 
When M20SEL is low, 
INFRMCLK 
is 1/20th the 
frequency 
of HCLK 


The input signals, DO-D19, ED, 
FF, CAV·, DAV·, and FLAG are 
latched 
on the rising edge of 


INFRMCLK 
These inputs 
must 


be valid for the set-up time (t.) 
before the rising edge and for 
the hold time (th) after the 
rising edge of INFRMCLK 


The start 
of a frame in the high 


speed serial output 
occurs after 


a delay of (tel) after the rising 
edge of INFRMCLK 


The LOCKED output 
will stay 


low for at least 2 frame rate 
clock cycles when lock is lost. 


'--- 
--'1 
L 
'--- 
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HDMP-I004 (Rx) Timing 
Figure 9 is the Rx timing dia- 
gram when the internal 
phase- 


locked loop is in synchronization 
with the incoming serial data. 
When the PLL is locked, the 
BCLK's frequency 
is the same 


as the input data rate. The 
nibble clock, NCLK, is derived 
from the BCLK and a divide-by- 
4 divider. The size of the input 
data frame can be either 
24 bits 


(6 nibbles) or 20 bits (5 nibbles), 


depending 
on the setting 
of 
M20SEL. Whatever 
the frame 
size, the FCLK rising edge is 
located at the frame's boundary, 
while the falling edge is at the 
frame's 
center. STRBOUT is an 
inverted 
version of FCLK 


In Figure 9, the Synchronous 
Outputs 
are the Rx's output 
signals clocked by STRBOUT. 
They are LINKRDY*, FLAG, 
DAY, CAY, FF, ERROR, and 


===-x 
_ 


I--tdl-j 


STATl 


STATD ____~x 
_ 


!---td2-! 


DOO-D19. The Synchronous 
Outputs 
are updated 
for every 


data frame, and changed 
at the 


falling edge of STRBOUT. There 
is a delay of two frames between 
the serial input and the 
Synchronous 
Outputs. 
As for 


the state machine 
status 


outputs, 
STATI and STATO, 
they are also changed 
upon the 
STRBOUT's 
falling edge, but 
are only updated 
once in 128 


frames. 


• 


Line Code Description 
The HDMP-1000 line code, 
Conditional Invert Master 
Transition 
(CIMT), is illustrated 
in Figure 10. The CIMT line 
code uses three types of frames; 
Data frames, Control frames, 
and Fill frames. Fill frames are 
internally 
generated by the Tx 
chip for use during link start up 
and when there is no input from 
the user. Each frame consists of 
a Data Field (D-Field) followed 


by a Coding Field (C-Field). The 
D-Field can be either 16 bit or 
20-bits wide, depending on link 
configuration. The C-Field has a 
master transition 
which serves 
as a fixed timing reference for 
the receivers clock recovery 
circuit. Users can send arbitrary 
data carried by Data or Control 
Frames. The de balance of the 
line code is automatically 
enforced by the Tx. Fill frames 
have a single rising edge at the 
master transition 
which is used 


1 


MASTER 
TRANSITION 
j 


FRAMEK+l~ 


Data Frame Codes 
When not in FLAGSEL mode, 
the FLAG bit is not user con- 
trollable and is alternately 
sent 
as 0 and 1 by the Tx chip during 
data frames to provide 
enhanced error detection. 
Control and Fill frames do not 
cause toggling between even 
and odd frames to occur (The 
FLAG bit is not available during 
control frames). The receiver 
performs a differential detection 
to make sure that every data 
frame received is the opposite 
pattern 
from the previous 
frame. If a break in the strict 
alternation 
is observed, a frame 


error is flagged by asserting the 
Rx ERROR output. This pattern 
detection makes it impossible 
for a static input data pattern 
to 
generate an undetectable 
false 
lock point in the transmitted 
data stream. The detection also 
reduces the probability that the 
loop could lock onto random 
data at a point away from the 
true master transition 
for any 
significant time before it would 
be detected as a false lock. This 
mode can detect all single-bit 
errors in the C-field (non-data 
bit fields) ofthe frame. 


for clock recovery and frame 
synchronization 
at the receiver. 


Detailed coding schemes are 
described in the following 
subsections. All the tables given 
in this section show data bits in 
the same configuration 
as a 
scope display. In other words, 
the leftmost bit in each table is 
the first bit to be transmitted 
in 


time, while the rightmost bit is 
the last bit to be transmitted. 


When the chip is in FLAGSEL 
mode, the extra FLAG bit is 
freely user definable as an extra 
data bit. This provides a 17th 
bit in 16 bit mode, and a 21st bit 
in 20 bit mode. The probability 
of undetected 
false lock is 


higher, but the users (e.g., SCI- 
F!) that need the extra bit can 
detect false lock at a higher 
level of the network protocol 
with CRCs, etc. If the higher 
level protocols consistently 
receive wrong data, they can 
initiate a link restart 
by reset- 


ting the Rx state machine. 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
Operating 
Modes 


M20SEL 
FLAGSEL 
Description 


0 
0 
16 bit data plus EO checking 


0 
1 
16 bit data plus FLAG 


1 
0 
20 bit data plus EO checking 


1 
1 
20 bit data plus FLAG 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
Data Frame 
Structure 
M20SEL Not Asserted 
(16 bit data mode) 


Data Status 
Flag Bit 
D-Field 
CoField 


True 
0 
Do -DI5 
1101 


Inverted 
0 
Do - DI5 
0010 


True 
1 
Do -DI5 
1011 


Inverted 
1 
Do - DI5 
0100 
• 


HDMP·I002 (Tx), HDMP·I004 (Rx) 
Data Frame 
Structure 
M20SEL Asserted 
(20 bit data mode) 


Data Status 
Flag Bit 
D-Field 
CoField 


True 
0 
Do -DI9 
1101 


Inverted 
0 
Do - DI9 
0010 


True 
1 
Do -DI9 
1011 


Inverted 
1 
Do - DI9 
0100 


Control Frame Codes 
There are 218 control words 
provided in 20 bit mode. Ifthe 
user desires to send a control 
word, his lower 9 bits (D(TDsJ 
are sent as bits DO-DBof the D- 
Field. The user's next 9 bits 
(Dg.DI',J are sent as bits D11- 
D19 of the D-Field. The control 


frame is either inverted or not 
inverted as needed to maintain 
balance, with the coding bits 
0011 used to indicate true 
control, and the bits 1100 used 
to indicate complement control. 
The bits D9 and DlO are always 
forced to 0 1 for true control 


HDMP-I002 (Tx), HDMP-I004 (Rx) 
Control 
Frame 
Structure 
M20SEL Not Asserted 
(16 bit mode) 


D-Field 
CoField 


DO-D6 
D7 
DB 
D9 - D15 
CO 
C1 
C2 
C3 


Do-DB 
0 
1 
D7 
- D13 
0 
0 
1 
1 


Do-DB 
1 
0 
D7·D13 
1 
1 
0 
0 


HDMP-I002 (Tx), HDMP·I004 (Rx) 
Control 
Frame 
Structure 
M20SEL Asserted 
(20 bit mode) 


D-Field 
CoField 


DO-DB 
D9 
DlO 
D11- D19 
CO 
C1 
C2 
C3 


Do·DB 
0 
1 
Dg 
- D17 
0 
0 
1 
1 


Do-DB 
1 
0 
Dg• 
D17 
1 
1 
0 
0 


frames and 1 0 for complement 
control frames. These middle 
bits are used to distinguish 
true 
control frames from fill frames, 
which always have the middle 
bits set to either 00, 11, or 10. 
Similarly, there are 214 control 
words provided in 16 bit mode. 


Fill Frame Codes 
Two logical fill frames are 
provided: FFO and FFl. FFO is 
physically a 50% duty cycle 
wave form with its sole rising 


edge occurring between C1 and 
C2. Logical FF1 toggles between 
two different physical codes, the 
first of which advances the 
falling edge of FFO by one bit, 


HDMP-I002 (Tx), HDMP-I004 (Rx) 
Fill Frame 
Structure 
M20SEL Not Asserted 
(16 bit mode) 


Fill Frame 
D-Field 
C·Field 


0 
1111111 
10 
0000000 
0011 


1a 
1111111 
11 
0000000 
0011 


1b 
1111111 
00 
0000000 
0011 


HDMP·I002 (Tx), HDMP-I004 (Rx) 
Fill Frame 
Structure 
M20SEL Asserted 
(20 bit mode) 


Fill Frame 
D-Field 
CoField 


0 
111111111 
10 
000000000 
0011 


1a 
111111111 
11 
000000000 
0011 


1b 
111111111 
00 
000000000 
0011 


HDMP-I004 (Rx) 
Detectable 
Error 
States 
M20SEL Not Asserted 
(16 bit mode) 


D-Field 
CoField 


xxxxxxx 
xx 
xxxxxxx 
xOOx 


xxxxxxx 
xx 
xxxxxxx 
xlIx 


xxxxxxx 
Ox 
xxxxxxx 
1100 


xxxxxxx 
11 
xxxxxxx 
1100 


xxxxxxx 
xx 
xxxxxxx 
1010 


xxxxxxx 
xx 
xxxxxxx 
0101 


HDMP-I004 (Rx) 
Detectable 
Error 
States 
M20SEL Asserted 
(20 bit mode) 


D-Field 
CoField 


xxxxxxxxx 
xx 
xxxxxxxxx 
xOOx 


xxxxxxxxx 
xx 
xxxxxxxxx 
xlIx 


xxxxxxxxx 
Ox 
xxxxxxxxx 
1100 


xxxxxxxxx 
11 
xxxxxxxxx 
1100 


xxxxxxxxx 
xx 
xxxxxxxxx 
1010 


xxxxxxxxx 
xx 
xxxxxxxxx 
0101 


the second of which retards 
the 
falling edge of FFO by one bit. 
Two logical fill frame types are 
required for link start up in 
duplex mode. 


I 


Tx Operation Principles 
The HDMP-1002 (Tx) is imple- 
mented in a high performance 
silicon bipolar process. The Tx 
performs the following functions 
for link operation: 


• Phase lock to frame rate clock 


• Clock multiplication 


• Frame Encoding 


• Multiplexing 


In normal operation, the Tx 
phase locks to a user supplied 
frame rate clock and multiplies 
the frequency to produce the 
high speed serial clock. When 
locked, the Tx indicates that it 
is locked by asserting the 
LOCKED output. When the ED 
input is asserted, the Tx asserts 
the RFD signal indicating that 
it is now ready to transmit 
data 
or control frames. 


The Tx can accept either 16 or 
17 bit data and produce a 20 bit 
frame. It also can accept 20 or 
21 bit data and produce a 24 bit 
frame. Similarly, either 14 bit or 
18 bit control words can be 
transmitted 
in a 20 bit or 24 bit 
frame respectively. 


TxEncoding 
A simplified block diagram of 
the transmitter 
is shown in 
Figure 4. The PLUClock 
Generator Block locks onto the 
incoming frame rate (or one-half 
frame rate) clock and multiplies 
it up to the serial clock rate. It 
also generates 
all the internal 
clock signals required on the Tx 
chip. 


The data inputs, DO-DI9, as 
well as the control signals; ED, 
FF, DAV*, CAV*, and FLAG are 
latched in on the rising edge of 
the frame rate clock. The data 


field is then encoded depending 
on the state of the control 
signals. At the same time, the 
coding field is generated. At this 
point, the entire frame has been 
constructed in parallel form and 
its sign is determined. This 
frame sign is compared with the 
accumulated 
sign of previously 
transmitted 
bits to decide 
whether to invert the frame. If 
the sign of the current frame is 
the same as the sign ofthe 
previously transmitted 
bits, 
then the frame is inverted. If 
the signs are opposite, the 
frame is not inverted. No 
inversion is performed if the 
frame is a fill frame. 


The Output Select block allows 
the user to select between two 
sets of differential high speed 
serial outputs. This is useful for 
loop back testing. If LOOPEN is 
high, LOUT is enabled and 
DOUT is disabled. If LOOPEN 
is low, DOUT is enabled and 
LOUT is disabled. 


The active-low RST* input 
resets the internal registers to a 
balanced state. This pin should 
be held low for at least five 
frame rate clock cycles to ensure 
a complete reset. 


The Data Field and Control 
Field are encoded depending on 
ED, FF, DAV*, CAV*, FLAG, 
FLAGSEL, M20SEL as well as 
two internally generated 
signals, OlE and ACCMSB. 


When FLAGSEL is high, OlE is 
equivalent to FLAG. This is 
equivalent to adding an addi- 
tional bit to the data field. 
When FLAGSEL is low, OlE 
alternates 
between high and 
low for data frames. This allows 
the link to perform more 
extensive error detection when 
the extra bit is unused. 
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ACCMSB is the sign of the pre- 
viously transmitted 
data. This 
is used to determine which type 
ofFFl 
should be sent. When 
ACCMSB is low, FFla is sent 
and when ACCMSB is high, 
FFlb is sent. This effectively 
drives the accumulated 
offset of 
transmitted 
bits back toward 
the balanced state. 


Tx Phase-Locked Loop 
The block diagram of the trans- 
mitter phase-locked loop is 
shown in Figure 11. It consists 
of a sequential frequency 
detector, loop filter, VCO, clock 
generation circuitry and a lock 
indicator. The outputs ofthe 
frequency detector pass through 
a charge pump filter that 
controls the center frequency of 
the VCO. These outputs also go 
to the VCO directly to effectively 
add a zero in the loop response. 
An external high-speed clock 
can be used instead ofthe VCO 
clock. This is accomplished by 
applying a high signal to 
EHCLKSEL and a differential 
clock to STRBIN. 


One of four frequency bands 
may be selected by applying 
appropriate 
inputs to DIVOand 
DIV1. The VCO or STRBIN 
frequency is divided by N, 
where N is I, 2, 4 or 8 corre- 
sponding to the binary number 
represented 
by DIVl, DIVO. 


This divided version of the VCO 
clock or STRBIN is used as the 
serial rate clock and is available 
as a differential signal at the 
HCLK output. 


A clock generator block creates 
all the clock signals required for 
the chip. Depending on 
M20SEL, STRBOUT is either 
HCLKl20 or HCLKl24. If 
MDFSEL is low, then 


M20SEL 


MOFSEL 


STRBOUT is a phase-locked 
version ofSTRBIN. 
IfMDFSEL 
is high, STRBOUT is twice the 
frequency of STRBIN. 


The lock detect circuit samples 
STRBIN with phase shifted 
versions of STRBOUT. If the 
samples are not the proper 
values, the LOCKED signal 
goes low and stays low for at 
least two frames. 


Rx Operation 
Principles 
The HDMP-1004 (Rx) is mono- 
lithically implemented 
in a high 
performance 
25 GHz ft bipolar 
process. When properly con- 
figured, the Rx can accept 20BI 
24B CIMT line code frames, and 
then output parallel 
16B/17BI 
20B/21B Data Words or 14BI 
18B Control Words. The Rx 
provides the following functions 
for link operation: 


• Clock recovery 


• Frame synchronization 


• Data recovery 


• DemuItiplexing 


• Frame decoding 


• Frame error detection 


• Link state control 


RxEncoding 
Figure 6 shows a simplified 
block diagram of the receiver. 
The data path consists of an 
Input Select, an Input Sampler, 
a Frame Demultiplexer, 
a 
Coding Field (C-Field) Decoder, 
and a Data Field (D-Field) 
Decoder. An on-chip phase- 
locked loop (PLL) is used to 
extract timing reference from 
the serial input (DIN or LIN). 
The PLL includes a Phase- 
Frequency Detector, a Loop 
Filter, and a variable-frequency 
oscillator (VCO). All the Rx 
internal 
clock signals are gener- 
ated from a Clock Generator. 
The Clock Generator 
can be 
driven either by the internal 
VCO or an external signal, 
TCLK, depending on the Clock 
Select configuration. 


Integrated 
on the chip is a Link- 
Control State Machine for link 


status monitoring 
and link 
startup. 
Figure 12 shows the 
details of the Input Selector. 
The Input Selector chooses 
either the nominal serial data 
(DIN) or the loop back (LIN) 
signal for the Input Sampler's 
input. Ifloop back enable 
(LOOPEN) is asserted, 
the LIN 
input is selected. Included in 
the Input Selector is cable 
equalization 
circuitry. When 
coaxial cable is used as the 
transmission 
media, by setting 
EQEN=l 
(enable equalization), 
the equalization 
circuitry is in 
the DIN signal path and 
provides fixed compensation 
for 
high-frequency 
cable loss. 
I 


The Data Field of the CIMT line 
code can be either 16-bits or 20- 
bits wide. The width selection 
for the Rx is made by setting 
the input pin M20SEL (Figure 
6). If M20SEL = 1, then the Rx 
is configured to accept serial 
input with 20-bit data field (24 
bits per frame). When M20SEL 
= 0, 16-bit data field is selected. 


HDMP·I004 (Rx) Phase- 
Locked Loop 
A more detailed block diagram 
for the Rx phase-locked loop 
(PLL) is shown in Figure 13. In 
the PLL, the phase ofthe serial 
input, SIN, is compared with 
synchronizing 
signals from the 
internal clock generator, 
using 
either a phase detector or a 
frequency detector. The fre- 
quency detector disable signal, 
FDIS, selects which detector to 
use. If synchronization 
in a link 
has yet to be established, 
the 
HDMP-1002 (Tx) should send 
out Fill Frame 0 (FFO) or Fill 
Frame 1 (FF1) to the remote Rx. 
By setting FDIS=O, the Rx uses 
the frequency detector to align 
its internal 
clock with the rising 


edge of FFOIFF1. Once this is 
accomplished, FDIS can be set 
to 1, then the PLL uses only the 
phase detector for synchroniza- 
tion adjustment 
and the Rx is 
ready to accept data. Due to the 
narrow frequency acquisition 
range of the phase detector, the 
frequency detector is used for 
internal frequency acquisition. 
The frequency detector, how- 
ever, can only work with FFO 
and FF1 and it then is neces- 
sary for the PLL to select the 
phase detector (by setting 
FDIS=l) before receiving any 
random data. 


The output of the phase- 
frequency detector is externally 
available through pin PHI. An 


external clock source can also be 
used (through pin TCLK) by 
setting TCLKSEL= 1. To 
broaden the usable frequency 
range of the chip, there is a 
programmable 
divider before 
the clock generator. The VCO or 
TCLK frequency can be divided 
by 1, 2, 4, 8 by setting DIV1, 
DIVO= 00, 01,10,11 
(see 
Operating Rate Tables). 


HDMP-I004 (Rx) 
Decoding 
In Figure 6, the frame 
demultiplexer 
de-serializes the 
recovered serial data from the 
Input Sampler, and outputs the 
resulting parallel data one 
frame at a time. Every frame is 
composed of a 16-bit or 20-bit 


Data Field (D-Field) and a 4-bit 
Coding Field (C-Field). The C- 
Field, CO-C3,together with the 
two center bits of the D-Field 
(D9 and DlO for 20 bit mode, D7 
and DB for 16 bit mode) are 
then decoded by the CoField 
decoder to determine the 
content of the frame. The D- 
Field decoder is controlled by 
the outputs ofthe CoField 
decoder. If an inverted Data 
Frame or Control Frame is 
detected, the D-Field decoder 
will automatically 
invert the D- 
Field data. If a Control Frame is 
detected, the D-Field decoder 
will shift the bottom half ofthe 
D-Field so that the outputs are 
at pin Do - DI1 (ifM20SEL = 1) 
or at pin Do - D13 (ifM20SEL = 
0). A data Frame is detected by 
the receiver when DAV = 1. A 
control Frame is detected by the 
receiver if CAY = 1. A Fill 
Frame is detected by the re- 
ceiver ifDAV = 0 and CAY = O. 


The CoField decoder will set 
iERR = 1 when it detects an 
error. The internal error bit 
(iERR) is combined with the 
internal flag bit (iFLAG) and 
the flag-bit mode-select signal 
(FLAGSEL) to produce the 
externally available error 
(ERROR) and flag (FLAG) bits. 
If FLAGSEL = 1, the FLAG bit 
can be used as an extra data bit. 


• ERROR=iERR. 


• FLAG=iFLAG. 


• If a Fill Frame is detected, 
then FLAG=O. 


• If a Control Frame is detected, 
FLAG should be ignored. 


IfFLAGSEL 
= 0, the serial 
input is assumed to consist of 
alternating 
even frames (iFLAG 
= 0) and odd frames (iFLAG = 
1). 


• IfiERR=l, 
then ERROR=1. 


• If a Fill Frame is detected, 
then FLAG=O. 


• If a Data Frame is detected, 
then FLAG=iFLAG, and 
iFLAG should alternate 
between 0 and 1, starting with 
o and ending with 1; 
otherwise, ERROR= 1. 


• If a Control Frame is detected, 
then FLAG automatically 
alternates 
between 0 and 1, 
starting with O. 


The even or odd feature allows a 
32/40-bit wide data word to be 
transmitted 
through the link. A 
2:1 multiplexer 
and a 1:2 
demultiplexer 
are required. 


FLAG is used to synchronize the 
even and odd frames. Note, both 
Data and Control Frames can 
be transmitted 
as even/odd 
pairs, but only Data Frames can 
be detected for out of order 
errors. 


HDMP·I004 (Rx) Link· 
Control State Machine 
Operation Principle 
The link-control state machine 
(SMC) on the Rx chip provides a 
link handshake 
protocol 
enabling the duplex link to 
transition 
from frequency 
acquisition and training mode 
into data mode. 


The HDMP-I000 Tx/Rx link 
uses an explicit frequency 
acquisition mode at startup 
that 
operates on a square-wave 


training 
sequence. This makes 
it possible to use a VCO with a 
very wide tuning range yet 
avoid the harmonic false lock 
problems associated with other 
circuits of this type. 


Using the SMC, a full duplex 
data channel can be imple- 
mented without additional 
controller or hardware. 


The State Machine 
Handshake Protocol 
Figure 1 shows a simplified 
block diagram ofthe HDMP- 
1000 data channel configured 
for full duplex operation. Two 
HDMP-I000 chipsets are 
required to perform the hand- 
shake in parallel. There are 
three states that the link must 
go through to complete the link 
startup 
process: 


State 0: Frequency Acquisition 


State 1: Waiting for Peer 


State 2: Sending Data 


Each side of the link decides 
which of the three states that it 
should be in. The decision is 
based on its own memory and 
the type offrame that it is 
currently receiving from the 
other side of the link. 


Considering only the local port 
of the link, we have a transmit- 
ter (Tx), a receiver (Rx), and a 
state machine controller (SMC). 
In practice, the SMC entity, 
although logically distinct, is 
implemented 
on the same die as 
the Rx chip. The SMC monitors 
the data frame status indicators 
(ERROR, DAV, CAY, FF) from 
the Rx, and is able to force (or 


FFO 
ERROR 
RESET 


Figure 
14. HDMP·l004 
(Rx) State 
Machine 
State 
Diagram. 


control) various characteristics 
frames. It can communicate the 
of the Tx and the Rx chips. The 
frame type to the SMC. The 
Tx chip has the following 
various frame types are: 
controllable features: 


• It can be forced to send a Fill 
Frame using the ED input. 


• The type of Fill Frame sent 
can be controlled using the FF 
input. 


The Rx Chip has the following 
controllable features: 


• It can be in Frequency 
acquisition 
or Phase-IockJData 
reception mode depending on 
the state of the FDIS input. 


• It can be enabled for data 
reception or set in a mode in 
which data frames are ignored 
depending on the ACTIVE 
input. 


The Rx chip can distinguish 
between the various types of 


• Fill Frame 0, (FFO) 


• Fill Frame 1 a/b, (FF1) 


• Data/Control frames (Data) 


• Error frames (ERROR) 


The SMC can be reset by either 
the SMCRSTO* or SMCRST1 * 
inputs. Usually one of these 
inputs is used for power-on 
reset, and the other is connected 
to the Tx LOCKED output. 


This holds the SMC in state 0 
until the transmitter 
PLL has 
locked. 


Figure 14 shows the state 
diagram of the SMC. The SMC 
is debounced by allowing state 
transitions 
to be made only 
after at least 2 consecutive 
frames give the same indication. 


This prevents 
single bit errors 
from causing false state 
transitions. 
In addition to this 
debouncing mechanism, 
when 
two consecutive ERROR or 
Resets occur, a timer is enabled 
forcing the SMC into state zero 
for 128 frames. Any transition 
out ofthis initial state can only 
occur after the link has been 
error-free for 128 frames. This 
prevents false transitions 
from 
being made during the bit- 
slipping that occurs in the 
initial frequency acquisition 
of 
both the Tx and Rx PLLs. 


When the local port is in State 
0, it is in the reset state. Both 
local Tx and Rx parallel 
interfaces are disabled. The 
local Tx transmits 
FFO continu- 
ously, and the Rx PLL is in the 
frequency detection mode. When 
the local Rx is phase-locked to 
the remote Tx it transitions 
to 
State 1. The local Tx transmits 
FF1 to acknowledge the phase- 
locked condition (its parallel 
input is still disabled). The local 
Rx PLL is in the phase detection 
mode and its parallel output is 
enabled. When in State 2, the 
two-way synchronization 
between the local port and the 
remote port is established. 
Both 
the local Tx and Rx parallel 
interfaces are enabled, and the 
local Rx PLL is in the phase 
detection mode. Parallel data 
can be sent by the local Tx, and 
at the same time, received by 
the local Rx. 


The Rx chip has the state 
machine logic built in. The SMC 
has two status outputs, STATO 
and STAT1, that control the 
various features 
of the two chips 
depending on the current state. 


State 
STATO 
STATl 


0 
0 
0 


1 
0 
1 


2 
1 
I 
1 
I 


The Tx inputs that need to be 
controlled are FF and ED. The 
Rx inputs that need to be 
controlled are FDIS and 


ACTIVE. To control the chips as 
shown in the state diagram of 
Figure 14, these inputs need to 
be driven as follows: 


State 
TxFF 
TxED 
RxFDIS 
RxACTIVE 


0 
0 
0 
0 
0 


1 
1 
0 
1 
1 


2 
1 
1 
1 
1 


To control the link as shown 
above the following interchip 
connections must be made 
(Figure 15): 


• Tx FF is driven by STATI 


• Tx ED is driven by STATO 


• Rx FDIS is driven by STATI 


• Rx ACTIVE is driven by 
STAT 1 


• Tx RST and Rx SMCRSTO are 
driven by a power-on, or user, 
reset circuit. 


Link Configuration 
Examples 
This section shows some 
application 
examples using the 
HDMP-lOOO chipset. Refer to 
Section 2 (I/O Definition) for 
detailed circuit-level 
interconnection. 
For example, 
the chipset's ECL output drivers 
have weak driving power; 
hence, external buffers are 
required for large loading. 


Figure 15 is the schematic for a 
full-duplex port. The network 
start-up protocol is provided by 
the Rx internal 
state-machine 
controller, and is transparent 
to 
the host. The handshaking 
between the host and the 
chip set is provided by the RFD 
and LINKRDY* signals. The 
host interface registers 
are 
clocked by the falling edges of 
the STRBOUT from the Tx and 
the Rx. The user has to make 
sure that M20SEL, FLAGSEL, 
DIVO,and DIVI have the same 
setting on both the Tx and Rx. 
The word width of the parallel 
data from the host can be either 
16 bits if M20SEL = 0, or 20 bits 
ifM20SEL=1. 
Also, the FLAG 
bit can be used as an additional 
bit by setting FLAGSEL = 1. In 
the last case, the parallel data 
word width is either 17 bits or 
21 bits. The localloopback 
test 
can be enabled by setting 
LOOPEN high. 


Figure 16 shows how to use the 
FLAG bit and MDFSEL to 


transfer 
parallel data with 36- 


bit or 40-bit word width. Each 
data word is multiplexed 
and 
carried by two consecutive 
CIMT frames called even and 
odd frames. The FLAGSEL is 
set to high, and the FLAG bit is 
used to designate the even/odd 
frame. For the Tx, the MDFSEL 
is set to high so that the 
frequency of STRBOUT is twice 
that of STRBIN. The flag signal 
to the Tx is generated 
from 
STRBIN and STRBOUT. The 
Tx interface registers 
are 
clocked by the Tx FLAG signal. 
On the Rx side, the FLAG 
output is retimed by STRBOUT 
to generate 
RCLK, which is 
used to demultiplex 
the data 
output. Note that the Rx 
interface registers 
for 


LINKRDY*, ERROR, DAV*, 
CAV*, and FF are clocked by 
STRBOUT instead of RCLK; 
this is due to the fact that the 
FLAG is reset to "0" when 
receiving FFO. 
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Fipre 15. A Full-Duples 
Port. 
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Although the HDMP-I000 chip- 
set is designed for full-duplex 
applications, it is possible to 
configure the chipset for 
simplex applications 
as shown 


in Figure 17. Although the Tx 
has no knowledge ofthe status 
of the remote Rx, the Tx host 
can periodically allocate a time 
slot to transmit 
FFl. This is 


shown as a negative pulse to the 
Tx ED input in Figure 17. Ifthe 
remote Rx is unlocked, it can 
wait for the next sequence of 
FFI to regain synchronization. 


OAV' 
CAY' 
FLAG 
00-019 


STRBIN 


The length of each FFI 
sequence must be longer than 
the Rx frequency acquisition 
time (approximately 2 msec). 
Note that the Rx internal 
state- 
machine controller can also be 
used in this simplex application; 
no additional controller is 
necessary. 


Surface Mount Assem- 
bly Recommendations 
The package is designed to be 
surface mounted with the lid 
facing the board (lid acts as 
bottom ofthe package or pin 
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view facing the board). It is 
recommended that the leads be 
formed into a "Gull-Wing" 
configuration prior to surface 
mounting. The recommended 
package stand-off (distance 
between "bottom" of package to 
the board surface) is 30 mils. It 
is also recommended that the 
leads be solder (SnlPb) coated 
prior to surface mounting. The 
lead material is Alloy 42. Note: 
Packages are shipped with 
unformed leads in carriers. 
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Outline 
68 Lead Ceramic Quad Flatpack 


0.010 ± 0.002 


0.130±0.015 


Evaluation Board 
Ordering Information 
A Gigabit Rate Transmit 
Receive Chipset 
Evaluation 
Board may be ordered through 
your local HP Components 
Representative 
or authorized 
HP Components 
distributor. 


Part Number 
Kit Description 


HDMP-lOOK 
Evaluation 
board for the Gigabit Rate 
Transmit 
Receive Chipset, 
and literature 


rli~ HEWLETT 
~e.. 
PACKARD 


Decision Circuit 
(Comparator/D-FF) 


Features 
• Silicon Bipolar Technology 
• ECLLevels 
• Operational 
to 1.5 GBit Input 
Rates 
• Single -5.2 V Power Supply 
• Operational 
over Full 
Temperature 
Range -55°C to 
+125"C 
• Highly Reliable HBIC Her- 
metic Surface Mount Package 
• Low Power Dissipation 
-;;0.5W 


Description/Applications 
The HDMP-2003, and -2004 
Decision Circuits are high speed! 
high sensitivity digital waveform 
regeneration 
modules consisting 
of a comparator, an edge- 
triggered D-flip-flop, and a 50 
ohm output driver. They sample 
GBit data in both time and 
amplitude, and decide whether a 
"1" or a "0" exists relative to an 
internal VBB or external DC 
reference voltage, thus 
regenerating 
a retimed, less noisy 
digital waveform. They are 
recommended for use as the data 
regeneration 
circuits in high 
speed fiber optics communication 
receivers. Other applications 
include Digital Radio communi- 
cations systems, High Speed 
Computer Interconnect Systems, 
Instrumentation, 
and other Data 
Recovery Systems. 


HDMP·2003 
HDMP·2004 


PIN 
IDENTIFIERS 
r-----t- 
2.5 TVP 
I 
I 
10.100 TVP) 
:"~ 
..'"lfl 


HDMP-2004 
GND 
IO~~;O' 


I 
~ 
VEE 
GND 
L--..=: 
12.7 so 


10.500 
SOl 


LIO'~5~~J=1 ~ 


0"0TYP~t 
(0.004 TVP) 
3.6 MAX 
L 
10.140 MAX) 


r~1 -l ~lo~ioT~:Y~:.P'1 
I~ 


~ 
14.4 ~ 
0.16(0.006) 


10.5661 
. 


____ 
15.7 REF 
(0.620 REF) 


OUTLINE HBle-0512 
WEIGHT (TYPICAL): 
1.15 GRAMS 
(HDMP-2003, HDMP-2004) 


Symbols 
Parameters 
Units 
Ratings 


VEE 
Supply Voltage 
V 
-6.0 


TsrG 
Storage Temperature 
°C 
-60 to +150 


Tc 
Operating 
Case Temperature 
°C 
-55 to +125 


VIN 
Input Voltage 
V 
+2 pk-pk 


HDMP·2003 
HDMP-2004 


Symbols 
Parameters 
Units 
Min. 
Typ. 
Min. 
Typ. 


DR 
Input Data Rate 
GBitsisec 
2.0 
2.4 
2.8 


AMR[l) 
Amplitude Margin 
mV 
100 
120 
70 
130 


PMR[ll 
Phase Margin 
psec 
250 
300 
170 
240 


VTM 
Threshold Margin 
mV 
40 
40 
t.-[2] 
Rise Time 
psec 
110 
120 


t;2l 
Fall Time 
psec 
110 
90 


Vo 
pk-pk Output Voltage 
Volts 
0.6 
0.6 


lEE 
Supply Current 
mA 
70 
60 


Test Conditions: 
VEE = -5.2 V 
CLK: 
HDMP-2003 = 2.0 GHz, 400 mV pk-pk 
HDMP-2004 = 2.8 GHz, 400 mV pk-pk 


VIN: 
HDMP-2003 = 2.0 GHz, 200 mV pk-pk 
HDMP-2004 = 2.8 GHz, 200 mV pk-pk 


215_1 Pseudo Random Bit Sequence (PRBS) 
CLK, VIN, and Output are at 50 Ohms AC coupled 
TA = 25°C 


Notes: 
1. See Figu re 1A. 
2. 10% to 90% (see Figure 
B). 


NOTE: 
VTM _ THE MINIMUM DIFFERENCE BETWEEN THE INTERNAL REFERENCE 
VOlTAGE 
AND THE NEAREST EDGE OF THE AMPLITUDE MARGIN WINDOW. 
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Theory of Operation 
The HDMP-2003 and -2004 
consist of three major sections - 
an input comparator amplifier, 
a master-slave 
flip-flop, and an 
output driver (see Figure 4). 
During operations, a distorted 
waveform enters the 
comparator via VIN, and is 
compared to a reference DC 
voltage supplied at VREF. The 
output of the D-flip-flop is next 
fed into the D-flip-flop section 
where a clock input triggers the 
master/slave 
action that 
synchronizes the signal with the 
rising edge ofthe clock. The 
amplified and retimed signal 
then exits the module through 
the driver section. 


Under normal operating 
conditions, VREF is connected to 


VBB, and V1N and CLK are 
externally capacitively coupled 
(see Figure 4). The internal 
termination 
resistors also form 
a biasing network which 
eliminate the need for 
additional external biasing. The 
integrity ofthe input amplifier 
is determined by the Amplitude 
Margin (AMR), which is defined 
by the range ofVREF at which 
the Bit Error Rate (BER) is less 
than 10.7• For values inside this 
range, the BER falls sharply to 
produce virtually error free 
operation (see Figures 6 and 8). 


The performance of the retiming 
flip-flop is determined by the 
Phase Margin (PMR) which is 
defined by the range of 
deviation of clock alignment 
relative to the input signal at a 


BER less than 10-7. Again, the 
BER falls sharply inside this 
range (see Figure 7 and 9). Once 
the clock to data alignment is 
set, the internal compensation 
circuitry will track this 
alignment over temperature 
(see Figures 2d and 3d). 


The output driver section is 
characterized 
by the peak-to- 
peak output voltage and the 
10% to 90% rise and fall times 
relative to the levels at the 
center ofthe output bit. This 
driver also has the advantage 
of 
driving directly into 50 ohms 
with or without a coupling 
capacitor, or directly into ECL 
(see Figure 10). The excellent 
line matching also dampens 
pulse reflections typical for 
many high frequency circuit 
interconnections. 
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Testing 
The characterization 
test set-up 
for the HDMP-2003 and -2004 is 
shown in Figure 11. The input 
signal is provided by a pseudo 
random bit sequence (PRBS) 
generator 
set at the operating 
frequency. To insure that the 
DUT is correctly evaluated, the 
square wave output from the 


generator (A) is fed into a high 
performance AGC amplifier 
(HAMP-5001), which emulates a 
typical system. The AGC 
amplifier output (B), and the 
sinusoidal clock signals (C) are 
applie<Uo the DUT. The outputs 
Q and Q are measured with the 
BER receiver and a sampling 
scope (D). 


• 


~ 
Y": 
III": 
v 
-- 
.A:... 
A. 
A 
A.. 
~ 
./. 
:'!<l/ 
'" ,.•.. 
~ 
...•. 
...•. 
/ 
...••.. 
J 
..•.. 
:..r 


\ ,- 
". 
, r- 
l ,.-,~ 
" 


~ 


1 


j 
n 
J 
J 
J 
I , 
j \ J \.:J \ J 
\.. I , 


Handling and Mounting 
Procedures for 
Hermetic, Base is 
Circuit (HBIC·0512 
Packages 
1. Storage 
Under normal circumstances, 
storage of the HBIC packages in 
HP supplied containers is 
sufficient. However, in 
particularly 
dusty or chemically 
hazardous environments, 
storage in a clean, inert 
atmosphere is advised to 
maintain 
solderability. 


2. Handling 
As with any multi-leaded 
surface mount package, care 
must be taken during handling 
of the HBIC package not to 
cause deformation of the leads. 
The planarity 
of the leads to 
each other and to the bottom of 
the package must be main- 
tained for successful mounting. 


The HBIC package can be 
handled with tweezers or other 
tools by clamping the package 
around the lid, or with vacuum 
systems on the top of the lid. 


3. Grounding 
The prime ground contact of the 
HBIC package is its bottom 
(with unused leads and the lid 
as secondary ground points). 
For optimum circuit 
performance, the bottom of the 
package must be soldered to a 
ground pad on the substrate 
(PC board or ceramic). This 
ground pad should be the size of 
the package bottom and have 
several plated thru holes to the 
substrate's 
ground plane, giving 
the package a low inductance 
contact to system ground. 


4. Mounting 
Solder reflow is the suggested 
method of attaching HBIC 
packages onto substrates. 
The 


recommended solder is 62% Sn, 
36% Pb, 2% Ag, with an RMA 
flux. This solder paste can be 
dispensed (for packages with 
wide lead spacing) or screen 
printed onto the substrate. The 
use of a solder mask on the 
substrate 
is also recommended. 
Solder retlow can then be 
achieved by infrared heating or 
vapor-phase heating. The 
packages must not be exposed to 
more than 260°C for 20 seconds. 


Conductive epoxy could be used 
for mounting the HBIC 
packages, however, care must 
be taken due to the potential 
problem of silver migration 
between the leads and the 
ground pad under the package. 


Wave soldering is not recom- 
mended due to the metal lid and 
the need for solder under the 
package base. 
• 


Silicon Bipolar High Speed 
Decision Circuit with 1.5 GBit 
Operation (Comparator/D-FF) 


Features 


• High Performance 
Low 
Bit Error 
Rate 
(BER) 


• Operational 
to >1.5 Gbit 
Data Rates 


• ECL Compatible 
I/O 


• Requires 
only a 100 mV 
Minimum 
Input 
Signal 


• Single 
-5.2 V Power 
Supply 


• Hermetic 
Glass Metal 
SOIC Package 


• Low Power 
Dissipation 
<0.5W 


----- 
Applications 


• SONET Fiber 
Optic 
Systems 


• Provides 
Excellent 
622 Mb 
OC-12 Performance 


• High Speed Digital 
Telecom 
Systems 


• High Speed Datacomm 
and Computer 
Interconnect 
to 1.5 Gb 


• Digital 
Television 
Studio 
Systems 


• Instrumentation-- 
Comparator, 
DFF 


Description 
The HDMP-2006 Decision 
Circuit is a high speed! high 
sensitivity digital waveform 
regenerator 
IC consisting of a 
comparator, an edge triggered 
D-type flip-flop, and a 50 Ohm 
output driver. 
The device is 
fabricated on Hewlett-Packard's 
>13 GHz fT silicon bipolar IC 
process. 
The HDMP-2006 
samples input data at rates up 
to 1.5 Gbisec in both time and 
amplitude, and decides whether 
data is a "1" or "0" relative to 
the sampling level VREF which 
can be tied to the internally 
generated 
VBB 
or externally 
supplied. 


The HDMP-2006 is ideally suit- 
ed for data regeneration 
ap- 
plications in high speed fiber 
optic communication systems 
such as SONET standard 
systems. 


The HDMP-2006 is supplied in 
an 8 lead hermetic package 
with gold plated Kovar (ASTM 
F-15 alloy) cover, base, and 
leads. 


F/;ifI HEWLETT 
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NOTE: 
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PACKAGE 
IS ISOLATED 
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GROUNDED 
BY USER. 


Package 
Lead Code Identification 


Top View 


Symbol 
Parameter 
Units 
Max. 


VEE 
Supply Voltage 
Volts 
-6.0 


VIN 
Signal Input Voltage 
Volts DC 
2 
Pk toPk 


Top 
Ambient Operating 
Temperature 
·C 
+100 


Tstg 
Storage Temperature 
·C 
-60 to +150 


Tmax 
Maximum 
Assembly Temperature 
·C 
+300 


(for 60 seconds maximum) 


ESD Sensitivity 
These high performance 
devices are ESD sensitive 
( Class 2). 
Proper precautions 
should 
be used when handling 
these devices 


HDMP-2006 


Symbol 
Parameter 
Units 
Min. 
Typ. 
Max. 


VEE 
Supply Voltage 
V 
-5.46 
-5.2 
-4.94 


lEE 
Supply Current 
mA 
70 
90 


VBn 
Reference Voltage 
V 
-1.3 


8JC 
Thermal 
Resistance 
(Die to Case) 
·CIW 
50 
I 


ACElectrical Specifications, TA = 25°C 
CLK= 1 GHz 400 mV p.p, VIN = 200 mV p-p@ 1 GHz @VEE = ·5.2V 
Input data test sequence = PRBS@ 223_1 
When tested per Test Circuit ( Figures 1 and 2 ) in test board per layout ofFigure 3. 


HDMP·2006 


Symbol 
Parameter 
Units 
Min. 
Typ. 
Max. 


AMR 
Amplitude 
Margin 
[1] 
mV 
100 
130 


PMR 
Phase Margin 
[1] 
ps 
700 
800 


VTM 
Threshold 
Voltage 
mV 
55 


IT 
Rise time (10% to 90%) [2] 
ps 
200 


lor 
Fall time (90% to 10%) [2] 
ps 
200 


VOUT 
Output 
Voltage Swing (pk to pk) 
V 
0.6 
0.8 


Notes: 
1 AMRis measured by varying VREF relative to VIN. PMR is measured similarly by varying 
the clock phase relative to the data. AMRand PMR arc defined in Figure 6. 
2. tr and tf are defined in Figure 7. 
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Vas: 
VEE 
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VREF 
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PACKAGE I 
C2 IC3 
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Component 
Values and Relative 
Positions 


for Chip Resistors 
and Capacitors 
in Test Circuit 
of Figure 
3. 


Component 
Value 
Units 
Relative X 111 
Relative Vl11 


Cl 
39 
nF 
-0.22 
0.49 


C2 
39 
nF 
-0.01 
0.48 


Rl 
51 
Ohms 
-0.20 
0.33 


R2 
51 
Ohms 
0.04 
0.35 


C3 
39 
nF 
0.18 
0.31 


R3 
51 
Ohms 
0.07 
0.22 


CENTER 
REFERENCE 
C4 
39 
nF 
0.22 
0.00 
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Figure 4. Input Eye Amplitude Margin 
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Figure 5. Input Eye Phase Margin 


Eye Performance 
Measures 
HP specifies the performance of 
this decision circuit by meas- 
uring the input Amplitude Mar- 
gin (AMR) and input Phase 
Margin (PMR) which will pro- 
duce a Bit Error Rate (BER) of 
1E-07 or less.This is ac- 
complished (see Figure 2) by 
setting the input psuedorandom 
signal amplitude from the BER 
Test Set (BERT)at a constant 
level and varying the reference 
signal VREF (externa111ycon- 
nected). In a similar manner the 
clock to data phase is varied. 
The input signal from the BERT 
is band limited by the HAMP- 
5001 which is an AGC circuit 
simulating the analog per- 


-TIME 


PHASE MARGIN 
- PMR 
(MAXIMUM 
ALLOWABLE 
JITIER) 


NOTE: 
VTM _ THE MINIMUM 
DIFFERENCE 
BETWEEN 
THE INTERNAL 
REFERENCE 
VOLTAGE 
AND THE NEAREST 
EDGE OF THE AMPLITUDE 
MARGIN 
WINDOW. 


formance of a fiber optic re- 
ceiver. The measurements 
are 
made independently; 
first by 
varying phase and second am- 
plitude. 
In this way the center 
useable portion of the eye (Fig- 
ure 6) is determined. 
The ver- 
tices ofthe diamond pattern 
are 
the values of amplitude and 
phase at which the BER exceeds 
1E-07. This measurement 
sim- 
ulates typical system conditions 
and provides both the am- 
plitude and phase (timing) lim- 
its. The measurement 
provides 
an accurate determination 
of 
Gaussian noise superimposed 
on the data signal and is mini- 
mally effected by switching 
noise. 


Ambiguity level can also be 
used to accurately measure the 
amplitude window of the eye di- 
agram for this class of devices. 
A full ambiguity level test uses 
the PRBS output signal ofthe 
BERT with a precision attenu- 
ator (or AGC) in series with the 
input of the device. This re- 
quires a precision attenuator 
which has a constant level of 
noise independent 
of attenua- 
tion level and bandwidth. 


Because of the difficulty in ac- 
curately doing the ambiguity 
test and since the AMR and 
PMR tests provide more opera- 
tionally relevant data, HP does 
not specify ambiguity level. 


• 


Theory of Operation 
The HDMP-2006 consists of 
three major sections - an input 
comparator amplifier, a master 
slave flip-flop, and an output 
driver (see Figure 8). During 
operation, a distorted waveform 
enters the comparator via VIN, 
and is compared to a reference 
voltage VREF. The output of the 
comparator is next fed to a D- 
type flip-flop section where the 
clock input triggers the master- 
slave action that synchronizes 
the signal with the rising edge 
of the clock. The amplified and 
retimed signal then exits the 
module through the driver sec- 
tion. Direct coupled inputs will 
work with ECL levels. 


The output driver section pro- 
vides the peak-to-peak voltage 
with the 10 to 90 % rise and fall 
times relative to the levels at 


the center of the output wave- 
form (Figure 7). Typical inter- 
face circuit diagrams for the 
HDMP-2006 are given in Figure 
9 and 10 which show both AC 
and DC input and output op- 
tions. 


The HDMP-2006 can interface 
the output directly into a 
50 Ohm load with or without a 
coupling capacitor, or directly 
into an ECL gate (see Figure 
10). The excellent line 
matching, when terminated 
externally, also dampens the 
pulse reflections that typically 
occur in high frequency 
applications. 


Application Interface 
Circuits 
There are three recommended 
application configurations for 
the HDMP-2006, wherein the 
user either AC or DC couples 
the DATA and/or supplies the 
VIN and VREF DC bias. In 
addition, there is a possible but 
non-recommended 
case where 
the user also supplies the DC 
clock bias externally, or DC 
couples the clock. 


For AC coupled applications, 
the configuration shown in 
Figures 9a and lOa is rec- 
ommended. 
Here, both the 
clock and data, as well as the 
VREF, utilize the internal 
VBB 
generator. 
This is suitable for 
inputs with 50% average mark 
ratio such as PRBS. 


AC coupled applications can 
also employ an externally 
supplied DC bias for VIN and 
VREF as shown in Figure 9b. 


The bias level should be close to 
-1.3 V. For temperature 
com- 
pensation reasons, 
the VIN and 
VREF biasing should be supplied 
from the same source as 
indicated in Figure 9b. 
If 
separate biasing is used for VIN 
and VREF, care should be taken 
to ensure that the biasing from 
the different sources tracks 
identically as possible over tem- 
perature 
excursions. 


For DC coupled applications, 
the configuration shown in 
Figures 
9c and 
lOb is rec- 
ommended. 
Here the clock is 
biased from VBB; VIN and VREF 
are directly DC coupled ex- 
ternally. 
For temperature 
compensation reasons, the 
quiescent DC level of the DATA 
and DATA should temperature 
track and be set to approximate- 
ly -1.3V as in standard 
ECL 
levels. For single-ended DC 
coupling, VREF can be tied to an 


external -1.3V or a voltage (near 
-1.3 V) that matches and tracks 
the data quiescent voltage (see 
Figure 
9c). This configuration 
is necessary for data with mark 
ratios much different than 50%. 


For all three recommended 
configurations above, the bias of 
the clock by the internal 
VBB is 
necessary for temperature 
compensation of the sampling of 
the decision circuit relative to 
the input data. 


The user can separately bias 
the clock input if desired 
(Figure 9d). In this case the 
relative levels and temperature 
tracking of the DC bias signals 
need to be carefully considered. 
Experimental 
testing by user is 
strongly recommended. 


Case 
Figure 
Data 
In 
VREFDCBias 
V1NDCBias 
Clock Bias 


1 
9a 
AC 
=VBB 
=VBB 
=VBB 


2 
9b 
AC 
External 
External 
=VBB 


3 
9c 
DC 
External 
External 
=VBB 


4 
9d 
AC or DC 
External 
or = VBB 
External 
or = VBB 
External 
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HDMP-2006 


DATA 


OR-1.3FOR 
SINGLE ENDED INPUT 


DATA 


OR-l.3V 
FOR SINGLE 
ENDED INPUT 


Output Drive Level 
The output driver is designed to 
deliver 0.8 V into 50 Ohms AC, 
or DC coupled, as shown in Fig- 
ures lOa and 10b. 


VBB= -1.3 V. For driving ECL , 
the line can be terminated 
with 
a parallel combination ofre- 
sistors as shown in Figure lOco 
The equivalent termination 
of 
50 Q shrinks the pk- to-pk volt- 
age down to approximately 
0.8 V 
centered about -1.3V. The out- 
put impedance of the driver is 


The VOHand VOLlevels of the 
driver are such that the peak- 
to-peak voltage is approximately 
1.2 V unloaded centered around 


matched to 50 Q. The amplitude 
can be increased with larger ter- 
mination resistance 
with mini- 
mal VSWR penalty. 
Nominal 
values for a 50 Q interface are: 
Rl = 140 Q; R2= 77 Q. 
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son ~ 
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NOTE: 
MAXIMUM STATIC PRESSURE ON PACKAGE <30 PSI (MIL-STD-883, 
METHOD 1014). CARE SHOULD BE TAKEN IN HANDLING AND MOUNTING 
SO THE PRESSURE LIMIT IS NOT EXCEEDED. 


Figure 11. Package Outline Dimensions 


I 


High Speed Silicon Bipolar 
622 Mb/s Serial Data and Clock 
Recovery Circuit 


Features 


• Single Chip Clock 
Extraction 
and Data 
Retiming 


• Designed for 622 Mb/s 
Applications 


• Easy to Apply, Cost 
Effective 


• Operational 
with Data 
Patterns 
Pseudorandom 
to 223.1 


• Lock Time < 2.5 ms 


• Low Jitter 
Generation 
< 1.7 Degrees at 622 Mb/s 


• Auto Adjusting - No 
Board Level Adjustment 
Needed 


• Autotracks 
Temperature 
and Voltage Changes 


• 0 to 65°C Case 
Temperature 
Range 


• ECL Compatible 
110 


• 50 mV Minimum Signal 
Input Required 


• Standard 
ECL -5.2V& 
-2.0VPower Supply 


• Low Power Dissipation 
(lAW) 
ClK 


• Telecom and Datacom 
Switching Systems 


• Computer Back Plane 
Interconnect 


• Board to Board High 
Speed Data Links 


FliP. HEWLETT 
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PACKARD 


Description 
The HDMP-2501is a 622 Mb/s 
serial data and clock recovery 
circuit which is based on a 
Phase Locked Loop (PLL) ap- 
proach for clock extraction. 
This chip includes a phase! 
frequency detector, integrator 
(external capacitor required), 
and a voltage controlled os- 
cillator (VCO), see Figure 1. A 
self contained decision circuit 
automatically 
aligns the data 


relative to the recovered clock. 
Both recovered clock and re- 
timed data outputs are avail- 
able. 


The digital phase detector gen- 
erates a correction to the vea 
ramp after each transition 
of 


the input serial data stream. 


~ 


INTEGRATOR 


D 
PHASEIFREOUENCY 
j 
- 
DETECTOR 


±6F 


VCO 
Fa 


• Hermetic 
Glass Metal 
Surface Mount Package 


The design insures clock cap- 
ture over the entire range of the 
vea, and provides for fast lock- 
up and autotracking 
of the re- 


covered clock over temperature 


and supply voltage changes. No 
external adjustment is required. 


The PLL approach integrated 
in 
this design eliminates the tem- 


Q 
Q ~ 


N 
GND 
GND ~ 


M 
VTT 
C, 
:!: 
HDMp·2501 


.,. 
NlC 
ClK ~ 


an Vaa 
ClK 


(DATECOOE) 
~ 


to 
VEE 
C, :: 


"- 
GND 
GND ~ 


'" 


D 
D '" 


perature 
and phase variation 
conditions normally found with 
multiple device and diverse 
technology approaches such as 
surface acoustic wave devices. 


NOTES: 
_ 
_ 


1. PINS 1 AND 16 (Q AND 0); 8AND9 
(DAND 
D); 12 AND 13 (ClKANDClK) 
MUST BE TERMINATED 
TO AC OR DC 50 Q(SEE 
FIGURE 
11) . 


2. CAPACITORS 
SHOWN 
ARE 0.1 JlF CERAMIC 
CHIP TYPE AND ARE REQUIRED 
FOR All 
OPERATING 
CONDITIONS. 


Label 
Pin 
Description 


C1 
14 
Charge pump capacitor connection. 
0.1 J.1F typical, ground other end. 


C2 
11 
Charge pump capacitor connection. 
0.1 J.1F typical, ground other end. 


CLK 
12 
Retimed clock output 
AC or DC couple to 50 ohms, or DC couple to ECL. 


CLK 
13 
Retimed clock output (complimentary) 
AC or DC couple to 50 ohms, or DC couple to ECL. 


D 
8 
Serial data input. 
ECL bias or AC couple with 0.1 J.1F. 


D 
9 
Serial data input (complimentary). 
ECL bias or AC couple with 0.1 J.1F 


GND 
2,7,10,15 
Ground 


N/C 
4 
No connection to chip 


Q 
1 
Retimed data output. 


Q 
16 
Retimed data output (compliment) 
AC or DC couple to 50 ohms, or DC couple to ECL. 


VBB 
5 
Internally 
generated 
bias reference voltage, typically -1.3 volts. 


Use bypass 
capacitor. 


VEE 
6 
Main power supply pin, typically -5.2 volts. 
Use bypass capacitor. 


VTT 
3 
Secondary power supply pin, typically -2.0 volts. Use bypass capacitor. 
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Absolute Maximum Ratings 
Tc = 25°C, except as specified. 
Operation 
in excess of these may result 
in permanent 
damage 
to this device. 


Symbol 
Parameter 
, 


Units 
Min. 
Max. 


VEE 
Supply Voltage 
Volts 
-6.0 


VD 
Data Input Voltage 
Volts 
2.0 
PktoPk 


Top 
Case Operating 
Temperature 
·C 
+105 


Tstg 
Storage Temperature 
·C 
-60 
+150 


Tmax 
Maximum Assembly Temperature 
·C 
+300 
(for 60 seconds maximum) 


Symbol 
Parameters 
Units 
Typical 


Ojc 
Thermal 
Resistance 
(Die to Case) 
·CIW 
10 


PD 
Power Dissipation 
at VEE = -5.2V 
Watts 
1.4 


Symbol 
Parameters 
Units 
Min 
Typ. 
Max. 


VEE 
Supply Voltage 
V 
-5.46 
-5.2 
-4.94 


lEE 
Supply Current 
mA 
230 


VTT 
Second Supply Voltage 
V 
-2.05 
-2 
-1.95 


ITT 
Second Supply Current 
mA 
75 


AC Electrical Specifications 
Tc = 25°C; Vin = 200 mV pop @ 622 Mbp/s 
@ VEE = -5.2V; VTT= -2 V 
Input data test sequence = PRBS 
@ 223_1;D and Iiare AC coupled CO.1lJ.F),500 termination. 


Integrating 
capacitors 
Cl and C2 are O.IlJ.F (refer to Figure 2). 


Symbol 
Parameters 
Units 
Min. 
Typ. 


VD 
Minimum 
Data Input Voltage (pk - pk) 
mV 
50 


(Ambiguity 
@ 10.7 BER) 


tacq 
Acquisition 
Lock Time 
ms 
2.3 


tr,t[ 
Rise Time, Fall Time; Data and Clock 
ps 
200 


See Figures 
7 and 8 


Jg 
Jitter 
Generation 
ps (rms) 
7.5 


VCLK 
Recovered Clock Output (pk to pk) 
V 
0.6 
0.7 


VQ 
Output Voltage Swing (pk to pk) See Figure 7 
V 
0.6 
0.7 


VSWR 
Data In and Out; Clock out 
- 
< 2:1 


Theory of Operation 
The retiming circuit is based on 
a PLL approach to timing ex- 
traction!. 
The functional block 


diagram is shown in Figure 1. 
A phase/frequency 
detector 


samples the incoming data, and 
generates an error signal which 
controls a dual input VCO. the 
VCO is realized as a ring os- 
cillator in order to be integrated 
on the same chip. 


The VCO frequency, F0, is 
adjusted by feedback to a fre- 
quency approximately 
equal to 


the incoming data bit rate. 
The 
fine adjustment 
±AF, is made 


by a bang-bang delay element 
as shown in Figure 3. The 
bang-bang element tracks the 
small variations 
of the incoming 


bit rate. 
The ring oscillator has 


a nominal delay of 800 ps with 
a typical usable range of± 10%. 
The bang-bang fine control de- 
lay time is approximately 
3 ps. 


The response time of the bang- 
bang element is about 700 ps 
for a full VCO update or much 
less than one clock cycle at 622 
Mb/s. 


The integrator 
(Figure 1) is 


achieved by a balanced charge- 
pump configuration with two off 
chip capacitors (pins 11 and 14). 


!B. Lai and R. Walker, "AMono- 
lithic 622 Mb/s Clock Extraction 
and Retiming Circuit", 
ISSCC91 Paper TPM 8.7. 


Phase/Frequency 
Detector 
The phase/frequency 
detector is 


shown in Figure 4. In the sam- 
pling pattern 
of Figure 4, the 
input data is sampled at three 
points: the bit prior to the tran- 
sition, in the vicinity of the 
transition, 
and the bit following 


the transition. 
At each transi- 


tion encountered, the clock can 


Fa 


Figure 3. Ring Oscillator and Control Elements 
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be deduced as either fast or 
slow compared to the incoming 
data. 
This information is used 
to generate a pulse train which 
updates the integrator and 
drives the bang-bang delay ele- 
ment. 


The phase tracking of clock to 
data behaves as shown in Fig- 
ure 5. Each correction in the 
faster direction (clock phase in- 
creasing with respect to data 
phase) has slope +L'oF,and each 
correction in the slower direc- 
tion has slope -L'oF.Over time, 
the VCO phase tracks the 
phase changes in the incoming 
data. 
Flip-flop A (Figure 4) 


5-203 


samples at the center of the 
data eye and provides the de- 
cision circuit function. 


Lock Capture 
Initial lock acquisition behavior 
is highly complex and works 
best with high transition 
den- 
sities typical of pseudorandom 
bit patterns. 
Due to the phase 


frequency detector architecture, 
the acquisition behavior is dif- 
ferent from a typical PLL. 


Lock capture of repetitive data 
patterns 
becomes increasingly 


difficult as transition 
density 


decreases. 
This can cause lock 


acquisition times to be 


significantly 
longer than ex- 
pected or sub-harmonic 
false 
locks to occur. 


The fact that false lock is 
weaker than true lock is 
essential 
to eliminating 
it. 


When both true and false phase 
locks occur, a slight displace- 
ment of the data phase relative 
to clock phase produces 
an error 
signal in the bang-bang 
detector 
which tends to restore 
it back to 
the original lock condition. 
This 


restoring 
force is represented 
at 
the integrating 
capacitor 
by a 
change in capacitor 
voltage 
which is in turn applied to the 
vca to adjust the frequency. 
A 
simple idea to eliminate 
false 
lock is to connect a current 
source to the integrating 
capacitor 
(Figure 6). Its imme- 
diate effect is to ramp the 
capacitor 
voltage, 


dQ 
dV 
Ics=ar=CQ[' 


which causes the vca to sweep. 
If the capacitor 
charging 
rate is 


high enough to cancel out the 
"restoring 
force" current 
due to 
false lock, then false lock will be 
suppressed. 
However, the ramp 
current 
must not be so large it 


will suppress 
true lock. An 
estimate 
of true lock current 
can 
be obtained 
through 
acquisition 
lock time tacq. For example, the 
HDMP-2501 
with 0.1 JlF 
integrating 
capacitors 
has a tacq 
of approximately 
2.3 mS. 


During this time the vca 
control voltage changes about 1 
Volt. Thus 


dV 
1 Volt 
1= Clit (0.1 !!F)( 2.3 rnS ) = 43l1A 


is an estimate 
of the ramp 
current. 


A simple and inexpensive 
lock 
enhancement 
circuit is shown in 
Figure 7. The circuit consists of 
a very low frequency 
oscillator 
built from an inexpensive 
555 
timer chip, 3 resistors 
and 1 


capacitor 
(plus a supply bypass 
capacitor). 
The time output 
is a 


100 Hz TTL square 
wave 
applied via a large (15 kQ) 
resistor 
to one side of the 


balanced 
HDMP-2501 
integra- 
tor. Since the balanced 
inte- 
grator 
circuit uses differential 


pairs, the signal can be applied 
to only one side while the other 
side responds 
by symmetry. 


To assist 
correct lock capture, 
the vca can be forced to its 
center frequency 
by momentarily 
equalizing 
the two integration 


capacitor 
voltages 
(pins 11 and 
14) as shown in Figure 6. The 
vca then begins its lock 
capture 
from the center 


frequency 
which, by design, is 


close to the data frequency. 


Input/Output 
Impedance Match 
The input and output 
are 
closely matched 
to 50 ohms 
impedance. 
This allows easy 
interconnection 
to other circuits 
with minimum 
reflection 
of 
signals. The return 
loss 


penormanceisshownin 
Figures 
10 and 11. 
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Figure 
9. Typical Clock Output 
Waveform. 
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10. Typical Input Return 
Losa va. Frequency. 
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Figure 
8. Typical Data Output 


Waveform. 
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ll. Typical Output 
Return 
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Output Drive Level 
The output driver is designed to 
deliver 0.8 V into 50 ohms, AC 
or DC coupled, as shown in Fig- 
ures 12a and 12b. 


The VOHand VOLlevels ofthe 
driver are such that the peak- 
to-peak voltage is approximate- 
ly 1.2 V unloaded centered 
around -1.3 V. 


For driving ECL, the line can 
be terminated 
with a parallel 


combination of resistors as 
shown in Figure 12c. The 
equivalent termination 
of 50 Q 
shrinks the peak-to-peak volt- 
age down to approximately 
0.8 V centered about -1.3 V. 
The output impedance of the 
driver is matched to 50 Q. The 
amplitude can be increased with 
a larger termination 
resistance 
with minimal VSWR penalty. 
Nominal values for a 50 Q inter- 
face are Rl = 140 Q, R2 = 77 Q. 
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Performance 
vs. Supply 
Voltage VEE Variation 
The performance 
of the output 


voltage is shown in Figure 
13. A 
600 mV level for ECL com- 
patibility 
is maintained. 


vca lock range is relatively 
insensitive 
to VEE changes. The 
typical behavior 
is shown in 
Figure 
14. 


Figure 
14. VCO Lock Range 
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V8. Supply 
Voltage, 
VEE• 
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Figure 
17. Typical 
RMS Value Jitter 
Generation 
Variation 
V8. 


Temperature 
with 
3.5 p8 Test Set 
Jitter. 


Temperature 
Performance 
The vca range ofthe 
HDMP- 
2501 is designed to 
accommodate 
variation 
over 
temperature. 
Figures 
15 
through 
19 show typical 
performance 
over temperature. 
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Figure 
15. Typical 
VCO Lock Range 
Variation 
vs. Temperature. 
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Figure 
18. Typical 
Output 
Rise 
Time Variation 
vs. Temperature. 
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Figure 
13. Output 
Voltage, 
VQ VS. 
Power 
Supply, 
VEE, Change. 
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Figure 
16. Typical 
Acquisition 
Time 
Variation 
V8. Temperature. 


Figure 
19. Typical 
Output 
Voltage 
Variation 
VS.Temperature. 
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Heat Sinking 
Heat sinks are recommended 
for this part, especially for high 
temperature 
operation. 
When 
solder mounted on a board de- 
signed with the features shown 
in Figure 20, the thermal test 
card provides a thermal re- 
sistance (junction to air) 9JA of 
approximately 
40°CIW when 
measured in still air. The via 
holes shown are for thermal 
conduction between front side 
and back side metallization. 


Package and Mechan- 
ical Considerations 
The package is a glass metal 
construction designed for ex- 
cellent high frequency electrical 
performance. 
The cover, base, 
and leads are gold plated Kovar 
(ASTM F-15 alloy). The me- 
chanical outline is shown in 
Figure 21. 


The base and cover ofthe pack- 
age are electrically isolated and 
may be grounded. 
The base 
may be soldered to a printed 
circuit board. 


NOTE: Maximum static pres- 
sure on package <30 PSI (MIL- 
STD-883, METHOD 1014). 
Care should be taken in 
handling and mounting so the 
pressure limit is not exceeded. 
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BACK SIDE METALLIZATION 
OF THERMAL 
TEST CARD 


CONDUCTIVE 
MATERIAL: 
1.0 OZ COPPER, 
GOLD 
PLATED 
BOARD 
MATERIAL: 
POL YIMIDE 
THICKNESS: 
0.060 INCHES 


Figure 
20. Circuit 
Mounting 
Configuration 
for Thermal 


Resistance 
Test. 
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HEWLETT 
PACKARD 


Fiber Channel 266 MBaud 
Optical Link Card 


Features 
• Conforms 
to ANSI X3T9.3 
Fiber Channel 
Standard 
(25-M5-SL-1) (FC-OLayer) 
• Supports 
Link Lengths 
to 
2 kIn at 266 MBaud 
• Multi-Sourced 
Package/ 
Footprint 
• Highly Reliable 
Multi- 
Mode Laser for High 
Performance 
at Low Cost 
• Certified 
for Worldwide 
Class 1 Laser Safety 
Standards 
• Industry 
Standard 
SC 
Connectors 
• Highly Integrated 
Surface 
Mount Construction 
• Industry 
Standard 
TTL 
Level Interface 


Applications 
• CPUtoCPU 
• CPU to DisklDisk Array 
• CPU to Peripheral 
• Backplane 
Extender 
• High Speed Data 
Switching 
• Proprietary 
Point-to-Point 
Links 


Description 
The HOLC-0266 
optical link 
card (OLC) is a highly inte- 
grated 
fiber optic transmitter 
and receiver that provides a 
high speed serial link operating 
at a signaling 
rate of265.625 
MBaud implementing 
the fiber 
channel 
FC-O specification 
for 
Short Wavelength 
(SWL) opera- 
tion. This compact, double-sided, 
surface mount card conforms to 
Fiber Channel 
(25-M5-SL-I), a 
task group of the ANSI X3T9.3, 
Version 2.2 Standards 
Commit- 
tee. The optical link card is 
designed to connect to a user's 
system card and communicates 
through 
a to-bit wide encoded 
data (8B/IOB) interface 
at 
industry 
standard 
TTL levels. 


The OLC uses self-pulsating, 
SWL multimode 
lasers which 
are produced 
in high volumes, 


with proven high reliability, 
and 
low cost, for data transmission 
at low bit error rate (BER) 
levels. The OLC has on board 
all the functions 
necessary 
for 
sending 
lO-bit wide encoded 
data serially. These functions 
include the serializer, 
des erial- 
izer, clock recovery, laser driver, 


SIZE: 


HEIGHT: 
0.547 INCHES (13.9 mm) 


WIDTH: 
1.559 INCHES (39.6mm) 


LENGTH: 
4.508 INCHES (114.5 mml 


and automatic 
power control. 


All of these functions 
are imple- 


mented 
in silicon bipolar 


technology. 
In addition, 
the 
OLC uses an innovative 
open 
loop fiber control scheme that 
certifies the OLC for Class 1 
laser safety limits. The OLC 
conforms to U.S. regulation 
DHHS 21 CFR(J), and interna- 
tionally 
to IEC 825. 


The optical portion 
of the OLC 
interfaces 
to multimode 
optical 


fiber, (recommended 
50/125 11m, 


62.5 11mcan also be used), 
through 
low loss, easy to use, 


push-pull 
SC connectors. 


I 


Parameter 
Symbol 
Min. 
Typical 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-40 
+75 
°C 
Still Air 


Relative Humidity - Storage 
RHs 
5 
95 
% 


Ambient Operating Temperature 
Top 
0 
60 
°C 
Relative Humidity 
Operating 
RHop 
8 
80 
% 
Supply Voltage 
Vcc 
4.0 
5.0 
6.0 
V 
Data Input Voltage 
VI 
0 
Vcc 
V 


Caution: 
It is advised 
that 
normal 
static 
precautions 
be taken 
in handling 
and assembly 
of the OLC to prevent 
damage 
and/or 


degradation 
which 
may be induced 
by electrostatic 
discharge 
(ESD). 
(ESD to 48 pin connector: 
WOO V maximum 
per MIL-STD-883C 
HBM) (see Figure 
1). 


Parameter 
Symbol 
Min. 
Typical 
Max. 
Unit 
Reference 


Ambient Operating Temperature 
Top 
10 
50 
°C 
Still Air 
Supply Voltage 
Vcc 
4.75 
5.0 
5.5 
V 
Low Data Input Voltage 
VIL 
0 
0.4 
V 
High Data Input Voltage 
VIH 
2.4 
5.5 
V 
Signaling Rate* 
fs 
262.969 
265.625 
268.281 
MBaud 


Physical and 
Mechanical Description 
The layout of the HOLC-0266 is 
shown in Figure 1. The trans- 
mit and receive circuits are 
mounted on opposite sides of a 
multi-layer, 
surface mount card. 
The card has a top and bottom 
signal plane and four internal 
power planes with the transmit- 
ter and receiver sides of the card 
electrically isolated. A 48-pin 
0 
, 


-48 
DESERIALIZER 


48 PIN CONNECTOR 


RECEIVER 
SIDE - CONNECTOR 
PINS EXPOSED 


connector with 100-mil pin 
spacing is mounted on the 
receiver side of the OLe for 
connection to the user's system 
card. The laser is mounted in a 
receptacle with a graded index 
lens and an SC fiber optic 
connector. 
The receiver is a PIN 
photodiode also mounted in a 
receptable 
and an SC fiber 
optic connector, with a trans- 
impedance amplifier mounted in 


PIN 
PHOTO 
DIODE 


an SOIC package under a metal 
shield. The connector ports are 
keyed and color coded to prevent 
misplugging. 
The receiver port 


is colored yellow, the transmit- 
ter port is black. 


Electrical connection to the 
users system card is through 
the 48-pin connector (see note 
17 on page 16). The OLC also 
uses a molded plastic frame 
with J-clips for precisely and 
securely mounting the OLC to 
the user's system card. A 
detailed outline drawing 
showing the dimensions of the 
card and mounting bracket is 
given in Figure 
2. 
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R~ECEIVER PORT 
1 
f7.37 
MIN (0.290) 
127 
(0 SOl 
BEARING 
SURFACE 
. M 
967 TI~ 
iiiiiiiI 
~ 
~~A~~~~~:O 
SURFACE 


(038:~25(or) 
~ ~_~_==~:~~m 
--mu~~ 
CONNECTOR 
PINS) 
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3.75 (0.148) 


05.56 
(0.219) 


NOTES: 
• ABOVE 
DETAil 
SHOWS MOTHER 
BOARD 
MOUNTING 
HOLE FOR THE 
J-CUP 
AND RECOMMENDED 
CLEARANCE 
DIMENSIONS 
FOR 
J-ClIP 
"FOOT:" 


• J·ClIP 
IS DESIGNED 
TO 


I 


ACCOMMODATE 
MOTHER 
BOARD 
THICKNESS 
IN RANGE OF 


I 
1.5 (0.059) 
1.2 (0.047) 


114.5 MAX (4.508) 


100.11 (3.941) 


J·CLlP 
6.15 (0.242) 


(4 PLACES) 
2.54 (0.1) 


4 ROWS OF 12 
PINS EACH ON 
2.54 mm SPACING 


levels. Low speed Receive Clock 
o and Receive Clock 1 are 
output for use (see Figure 7). I 
Electrical Description 
Figure 3 is a block diagram of 
the transmitter, 
receiver and 
open loop fiber control portions 
ofthe HOLC-0266. 


Transmitter: 
10-bit wide encoded TIL level 
transmit 
data enters the shift 
register portion of the 44-pin 
PLCC serializer chip. This data 
is shifted out using an internal 
VCO at 265.625 Mbls to the AC 
drive. A phase locked loop 
(PLL) generates the 265.625 
MHz clock for the shift register, 
and the clock is phase locked to 
the user supplied 26.5625 MHz 
transmit 
clock. The AC drive 
modulates the 780 nm semicon- 
ductor laser with the serialized 
data. The DC section of the 
serializer controls the laser bias, 
keeping the laser at a correct 
preset power level. The DC 
drive also includes safety cir- 
cuits that will disable the laser 
if an on-card fault occurs that 
could produce an unsafe laser 


power level. A multiplexer is 
used to provide the serialized 
data to the deserializer for 
operation of the OLC in the 
loopback mode. 


Receiver: 
The incoming laser light is 
received by a silicon PIN photo- 
diode. This signal is amplified 
by the transimpedance 
amplifier 
which is contained in a 14-pin 
SOIC under the preamplifier 
shield. The PLL phase locks a 
265.625 MHz clock to the 
incoming data and sends the 
data and the clock to the shift 
register of the 44-pin deserial- 
izer chip to be deserialized. 
The 
shift register uses a byte sync 
detector that detects the first 
seven bits of one polarity of the 
K28.5 character to enable 
complete bytes to be unloaded 
from the shift register without 
being fragmented. 
The deserial- 
izer recovers the clock and 
drives the 10-bit wide receive 
encoded data on the bus at TIL 


5-211 


Open Loop Fiber Control 
(OFC): 
Two complementary phases of 
the 265.625 MHz clock are 
generated. 
The transition 
detector and the DC detector 
detect a minimum AC and DC 
level entering the PIN photo- 
diode. These redundant 
signals 


are used by the open fiber 
control chip, a 28-pin PLCC 
module, as a safety interlock to 
shut down the link in the event 
of an open optical fiber. If the 
fiber is open, the OFC module 
pulses the laser at a low duty 
cycle. This produces Class 1 
optical power in the open fiber. 
When the fibers are reconnected, 
the OFC returns the laser to 
continuous power. See the 
"Open Loop Fiber Control" 
section of this data sheet (page 
10) for further information. 
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SERtAUZER 


LINK CONTROL 
(47) 


POWER ON RESET TEST POINT (POR TP)(30) 


LINK STATUS 
(38) 


RCV BIT. 
(06) 


RCV BITb(l7) 


RCV BIT c (27) 


RCV BIT d (16) 


RCV BIT. 
(04) 


RCV BIT I (14) 


RCV BIT f (03) 


RCV BIT g (25) 


RCV BIT h (13) 


Rev 
BIT 1(01) 


BYTE SYNC (37) 


BYTE SYNC ENABLE 
(20) 


LOCK TO REF (23) 


LOOPBACK 
ENABLE 
(36) 


XMT CLOCK (12) 


XMT BIT 1(42) 


XMT BIT h (43) 


XMT BIT g (44) 


XMT BIT f (32) 


XUT BIT I (46) 


XMT BIT. 
(09) 


XMT BIT d (33) 


XMT BIT C (22) 


XMT BIT b (10) 


XMT BIT a (34) 


SERIALIZER 
+5 V (08)(24) 


DESERIAUZER 
+5 V (31)(48) 
TTl 
DRIVER +5 V (05)(15) 
SERIALIZER 
GND (11)(29) 


DESERIAUZER 
GND (21)(35)(41) 


TTL DRIVER GND (02)(18)(26)(39) 


Electrical Interface 
Figure 4 defines the functions of 
the 48 connector pins. The pin 
functions and pin numbers are 
as viewed on the HoLC-0266 
with the connector pins pointing 


up toward the viewer. These 
functions will be discussed in 
detail in the "oLC Input 
Definitions" (page 6) and "oLC 
Output Definitions" (page 6) 
sections of this specification. 


Figure 5 represents 
the 


interface between the oLC and 
the user's system. The oLC 
interfaces directly with the 
encode/decode logic of the user's 
system. 


37 • Byte Sync 
25· 
RCVbitg 
13· 
RCVbit h 
1· 
RCVbitj 


38 • Link Status 
26· 
TTLGnd 
14· 
RCVbiti 
2· 
TTLGnd 


39· 
TTLGnd 
27· 
RCVbit c 
15 • TTL +5V 
3· 
RCVbitf 


40 • Laser Fault 
28 • No Connect 
16 • RCVbit d 
4 • RCVbit e 


41 • Deserializer Gnd 
29 • Serializer Gnd 
17· 
RCVbit b 
5 • TTL +5V 


42 • Xmt bitj 
30· 
PoRTP 
18 • TTL Gnd 
6 • RCVbit a 


43· 
Xmt bit h 
31 • Deserializer +5V 
19 • RCV Clock 0 
7 • RCV Clock 1 


44 • Xmt bitg 
32· 
Xmt bit f 
20 • Byte Sync Enable 
8 • Serializer +5V 


45 • No Connect 
33 • Xmt bit d 
21 • Deserializer Gnd 
9 • Xmt bit e 


46· 
Xmt bit i 
34· 
Xmt bit a 
22· 
Xmt bit c 
10· 
Xmt bit b 


47 • Link Control 
35 • Deserializer Gnd 
23 • Lock to Reference 
11 • Serializer Gnd 


48 • Deserializer +5V 
36 • Loopback Enable 
24 • Serializer +5V 
12 • Xmt Clock 


Figure 
4. Connector 
Pin DerUlition 
(Pins 
Up) 
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OLC Input Def"mitions 
Transmit 
Data: 


Ten transmission 
lines carry 10- 


bit wide encoded data from the 
systems encode logic to the OLC 
to be received by the shift 
register of the serializer. The 
data will be serialized and 
launched onto the fiber starting 
with bit "a" and ending with bit 
"j" (see Note 8). 


Transmit 
Clock: 
The serializer uses the Trans- 
mit Clock to synthesize the 
265.625 MHz clock (see Note 9). 
Figure 8 shows the relationship 
between the Transmit 
Clock 
and the Transmit 
Data. A 
minimum duty cycle of 40% is 
required for this clock to operate 
properly. A maximum of 10 ns 
jitter (peak to peak) is allowed 
on the rising edge of this clock. 


Loopback 
Enable: 
This active high signal wraps 
the Transmit 
Data from the 
Serializer to the Deserializer 
(see Note 10). The laser is 
disabled while Loopback Enable 


is active. Once Loopback Enable 
is deactivated 
one of two events 


will occur. If the link was active 
and operating prior to Loopback 
Enable being activated, the 
laser will be activated and will 
stabilize within 1.8 llS. If the 
link was not active prior to 
Loopback Enable being acti- 
vated, the laser will pulse after 
10.1 seconds and continue to 
pulse until the fiber is con- 
nected. See the section entitled 
"Open Loop Fiber Control" (page 
10) for a complete description of 
the safety interlock. 


Lock to Reference: 
This is an active low signal that 
synchronizes the Deserializer 
phase locked loop to the 
Transmit 
Clock (see Note 11). 


This signal should stay on for 
approximately 
8 llS. The 
Deserializer 
will be locked to 
the incoming serial data in less 
than 8 llS after Lock to Refer- 
ence is deactivated. 
The 8 llS 
time period is approximate 
and 
is intended to represent 
the 
correct order of magnitude. 


r 
LASER 
DRIVE ON OLC' 
FAILS 
lASER 
_ 


FAULTOLCU 


LINK 
-_-------------------- 
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LASER 
FAULTOLC_2 
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Link Control: 
This active high signal turns the 
laser off (see Note 12). When 
this line is deactivated, 
the 


Open Loop Fiber Control 
Module will connect the link 
within 10.1 seconds. 


Byte Sync Enable: 
Asserting the active high signal 
makes the Deserializer 
reset the 


Receive Clocks when a comma 
character 
(see Byte Sync) is 


detected (see Note 11). When 
this signal is low, the comma 
character 
is treated 
as normal 


data. 


OLC Output Definitions 
Receive Data: 
Ten lines are used by the 
Deserializer 
to send lO-bit wide 


encoded data to the system's 
decode logic (see Note 6). These 
signals are clocked by the 
systems receive clocks inside 
the decode logic. The relation- 
ship between Receive Clocks 
and Receive Data is shown in 
Figure 7. Ifno light is received 
by the PIN photodiode, or the 
PLL is out oflock for some other 
reason, the Receive Data lines 
will be random. A Loopback 
Enable mode initiated 
on an 


upstream 
OLC will cause the 


Open Loop Fiber Control 
module on that OLC to turn its 
laser off. Under these condi- 
tions, data at the output of the 
downstream 
deserializer 
will be 
invalid. In addition, ifthe 
Deserializer 
is in the Lock to 


Reference mode, the Receive 
Data will be invalid. 


Receive Clocks: 
The Deserializer 
generates 
two 


complementary 
clocks for use by 


the system's decode logic to 
clock the Receive Data into an 
elastic buffer (see Note 6). These 


clocks will be reset anytime a 
Byte Sync word is received. If a 
Byte Sync word is received 
asynchronously 
(see Figure 7), 
the Receive Clocks will imme- 
diately be reset. The worst case 
duty cycle of the Receive Clocks 
is 30%. If no light is received by 
the PIN photodiode, or the PLL 
is out oflock for some other 
reason, the Receive Clocks will 
be operating at a frequency 
between 17 MHz and 33 MHz. 


Byte Sync: 
This active high signal is driven 
by the Deserializer 
(see Note 6). 


When the Deserializer 
detects a 


comma character, 
it sets the 


Byte Sync high for one cycle 
indicating the start of a frame. 
The Receive Clocks are reset 
according to Figure 7.The 
comma detect function detects 
the first seven bits of one 
polarity of the K28.5 character 
(0011111010) as defined in the 
IBM Journal 
of Research and 
Development, Vol. 25, No.5, 
September 
1983, 8B/10B Trans- 


mission Code. Bit a is launched 
on the fiber first, bit j is last. If 
no light is detected by the PIN 
photodiode, or the PLL is out of 
lock for some other reason, the 
Byte Sync line will pulse 
randomly. 


abcdeifghj 
0011111XXX 


Link Status: 
This active high signal is driven 
by the Open Loop Fiber Control 
circuitry (see Note 7). Link 
Status high indicates an open 
fiber connection. In this mode, 
the Open Loop Fiber Control 
will be pulsing the laser at a low 
power level, meeting Class 1 
safety requirements. 
Once the 
fiber is reconnected, the link 
will be re-established 
in less 
than 10.1 seconds. It takes 
several milliseconds for Link 
Status to go high after the fiber 
is disconnected. Invalid Receive 
Data and Byte Sync will occur 
prior to the Link Status being 
activated high. 
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Laser Fault: 
This active high signal is driven 
by the Serializer (see Note 7). 
Once an improper power level in 
the laser driver is detected, the 
Serializer activates 
the Laser 


Fault and the laser is turned off 
in approximately 
1 ms. During 


power up, the laser control loop 
will stabilize in less than 100 
ms after the supply reaches 4.0 
V. When the Laser Fault is 
activated, the Open Loop Fiber 
Control shuts down the laser 
through two independent 
paths 


so a single malfunction 
cannot 


prevent the laser from being 
turned off. The OLC receiver 
connected to this laser will 
detect a loss of light (no light at 
the PIN photodiode), and Link 
Status will be activated. 
Figure 


6 shows the sequence of events 
during a laser driver hardware 
malfunction. 


Power On Reset Test Point 
(PORTP): 
This signal is used to test the 
OLC (see Note 7). POR TP is at 
an undetermined 
level when the 


+5 V supply is below 3.6 V.POR 
TP is low when the supply is 
between 3.6 V and 4.75 V;and it 
is high when the supply is 
greater than 4.75 V. 


Link Operation 
Serial Link Receive Operation: 
The Deserializer 
generates 
two 


complementary 
clocks for use in 


clocking the parallel data coming 
from the Deserializer. 
Each of 


the Receive Clocks has a 
nominal 37.65 ns period. Figure 
7 shows the relationship 
of the 


Start Byte, the Receive Data, 
the Byte Sync Pulse, and the 
two Receive Clocks generated 
by 


the Deserializer. 


• 


Serial Link Transmit 
Operation: 
The Serializer uses a single- 
phase 37.65 ns Transmit 
Clock 
for transmit 
operations. 


Figure 8 shows the timing 
relationship 
of the Transmit 
Clock and the Transmit 
Data. 


Link Acquisition 
Sequence: 
The following sequence and 
conditions are required for 
proper OLC operation. The 
receive PLL will not self-lock to 
the incoming data stream. For 
example, when the card is 


powered up or the fiber is 
connected, the receive PLL will 
be out of bit sync. Random data 
will be on the 10 receive data 
lines, the Byte Sync line will 
pulse randomly, and the Receive 
Clocks will not be at 26.5625 
MHz. To acquire bit sync, the 
link acquisition sequence must 
be followed. This has no effect 
on the transmit 
data. 


• Bring Lock to Reference low 
for at least 8 ~s after the Link 
Status line is low. 


~ 


-I 
-- 
_ 
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• The upstream 
station should 
transmit 
valid 8B/lOB encoded 


data. The transmitting 
station 
clock and the receiving station 
clock frequencies 
must be 
within 0.5% of each other for 
phase lock to be assured. 


• Bring Lock to Reference high 


(wait at least 8 ~s). 


• The OLC will now be in bit 
sync. The data on the receive 
lines will be correct. 


Electrical/Optical Characteristics 
(TA = lOOCto 50°C, Vee = 4.75 V to 5.50 V) 


Transmitter 
Section 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Supply Voltage 
Vee 
4.75 
5.0 
5.50 
V 


Supply Current 
Ice 
190 
320 
mA 


Power Dissipation 
PD 
0.9 
1.80 
W 


Data Input 
Voltage - Low 
VIL 
0 
0.4 
V 
Note 6 


Data Input 
Voltage - High 
VIH 
2.4 
4.0 
V 
Note 6 


Spectral 
Center Wavelength 
A. 
770 
780 
850 
nm 


Spectral 
Width 
FWHM 
4 
nm 
RMS value 


Launched 
Optical Power 
PT 
-5.0 
0 
dBm (avg.) 
Note 1 


Optical Extinction 
Ratio 
6 
dB 
Note 2 


Relative 
Intensity 
Noise 
RIN12 
-112 
dB/Hz 
Note 3 


Eye Opening 
61 
% (pk-pk) 
Note 4 


Random Jitter 
@±7 sigma limit points 
RJ 
19 
% (pk-pk) 
Note 5 


Numerical 
Aperture 
NA 
0.20 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Supply Voltage 
Vee 
4.75 
5.0 
5.5 
V 


Supply Current 
Ice 
200 
240 
mA 


Power Dissipation 
PD 
0.95 
1.32 
W 


Data Output 
Voltage - Low 
VOL 
0 
0.8 
V 
Note 8 


Data Output 
Voltage - High 
VOH 
2.0 
Vcc 
V 
Note 8 


Return 
Loss of Receiver 
RL 
12 
dB 


Receiver Sensitivity 
-17 
0 
dBm (avg.) 
Note 13 


Numerical 
Aperture 
NA 
0.20 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Reference 


Signaling 
Rate* 
fs 
262.969 
265.625 
268.281 
MBaud 


Link Length 
50/125 11mNA = 0.20 
0.002 
2.0 
km 
Note 14 


Link Length 
62.5/125 11mNA = 0.275 
0.002 
0.70 
km 
Note 15 


Optical Power Budget 
OPB 
12 
dB 
Notes 14,15 


Bit Error Rate 
BER 
10-12 


SC Optical Connector 
Attenuation 
0.25 
dB 
Note 16 


Attenuation 
(EOL) 
0.5 
dB 
Note 16 


ConnectslDisconnects 
250 
Note 16 


'For 
fiber channel 
compatibility, 
must 
be within 
±{l.Ol% of265.625 
MBaud. 
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Open Loop Fiber 
Control 
A safety interlock is provided by 
the Optical Fiber Control (OFC) 
module on the OLC. When the 
OLCs are connected as in 
Figure 9 (below), the OFC 
module detects when a fiber is 
opened. This sequence is shown 
in Figure 10. If Path A is 
opened, the OFC on OLC2 
detects it and pulses its laser at 
a low duty cycle. The OFC on 
OLC1 detects this pulse signal 
and also pulses its laser at a low 
duty cycle. This provides Class 1 


Laser Safety Com- 
pliance Requirements 
This product is designed and 
certified as Class 1. It is to be 
used only with another Hewlett- 
Packard HOLC-0266 or a certi- 
fied equivalent 
OLC to ensure 
Class 1 performance. 
This 
equivalent 
OLC must contain 
the Open Fiber Control system 
as described in the "Open Loop 
Fiber Control" section (above) of 
this specification. This is a 
requirement 
for proper opera- 
tion ofthe HOLC-0266. Figure 
10 contains a description 
of the 
open loop fiber control sequence. 


optical power in Path A, the 
open path. OLCllaunches 
a 
pulse synchronously with the 
pulse it receives on Path B. 
OLC2, however, receives no 
pulse and continues in inactive 
mode, launching pulses. When 
Path A is restored, OLC2 
receives pulses synchronously 
with its transmit 
pulses. OLC2 
then turns off its laser and 
confirms that its receive pulse 
disappears 
in 1.23 ms. Ifit does, 
OLC2 then turns on the laser 
and confirms that it receives 


The functional power supply 
range is specified at 4.75 V to 
5.5 V. Operation outside this 
range may degrade performance 
and lifetime of the OLC. The 
system using the OLC must 
provide power supply protection 
that guarantees 
a voltage of 5.0 
V ± 20% to maintain 
Class 1 
operation. 


Connection of an OLC to a non- 
approved optical source or 
operating the power supply 
below 4.0 V or above 6.0 V may 
result in hazardous 
radiation 
exposure, and may be considered 
an act of modifying or new 


light in 671 ~s. Ifit does, it 
keeps the laser on. This con- 
firms that the first synchronous 
pulse actually came from 
another OLC. The OFC goes to 
Active Mode and the laser is on 
continuously. 
Continuous 
power 
is now restored to both paths. 
The longest time that this 
reconnect sequence will take is 
10.1 seconds. Note that the term 
synchronous used in the above 
discussion is valid since the 
delays on the OLC and the time 
of flight on the fiber are insig- 
nificant compared to 617 ~s. 


manufacturing 
of a laser product 


under US regulations 
contained 
in 21 CFR(J) or CENELEC 
regulations 
contained in HD 482 


S1. The person(s) performing 
such an act are required by law 
to re-certify and re-identify the 
product in accordance with the 
provisions of 21 CFR(J)for 
distribution 
within the U.S.A, 
and in accordance with provi- 
sions ofCENELEC 
HD 482 Sl 
(or successive regulations) 
for 
distribution 
within the 
CENELEC countries or coun- 
tries using the IEC 825 stan- 
dard per VDE Reg. Nr. 3642. 
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Notes: 
1. Launched optical power is 
measured 
at the end of a 2 m 
section of a 50/125 ~m fiber 
with a nominal NA = 0.20. The 
maximum and minimum of the 
allowed range of average 
transmitter 
power coupled into 
the fiber are worst case values 
to account for manufacturing 
variances, 
drift due to tempera- 
ture variations, 
and aging 
effects; and operation within 
the specified minimum value of 
extinction ratio. 


2. Extinction Ratio is the mini- 
mum acceptable value of the 
ratio ofthe average optical 
energy in a logic level one to the 
average optical energy in a log 
level zero measured 
under fully 
modulated conditions in the 
presence of worst case 
reflections. 


3. RIN 12 is the laser noise 
measured 
relative to average 
optical power with 12 dB return 
loss. 


4. Eye opening is the portion of the 
bit time which is error free for a 
given bit error rate (BER). The 
Fiber Channel standard 
for 
BER is < 10-12. The general 
laser transmitter 
pulse shape 
characteristics 
are specified in 
the form of a mask of the 
transmitter 
eye diagram. These 
characteristics 
include rise 
time, fall time, pulse overshoot, 
pulse undershoot, 
and ringing, 
all of which should be controlled 
to prevent excessive degrada- 
tion of the receiver sensitivity. 
For the purpose of an assess- 
ment of the transmit 
signal, it 
is important 
to consider not 
only the eye opening, but also 
the overshoot and undershoot 
limitations. 
The parameters 
specifying the mask of the 
transmitter 
eye diagram are 
shown in Figure 
11. 


5. Random Jitter (RJ) is due to 
thermal noise which may be 
modeled as a Gaussian process. 
The peak-to-peak 
value of RJ is 
of a probabilistic nature and 
thus any specific value requires 
an associated probability. 
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6. The drive levels given are 
appropriate 
for Receive Data, 
Receiver Clock, and Byte Sync 
signals. The Receive Data, 
Receive Clock, and Byte Sync 
TIL drivers are push-pull totem 
pole drivers with a 25 nseries 
resistor to dampen transmission 
line reflections (see Figure 12). 


7. The Link Status, 
Laser Fault, 
and POR TP lines are control 
signals that should be treated 
as asynchronous 
lines. The 
drive levels for Link Status, 
Laser Fault, and POR TP are 
shown in Figure 
13. 
8. Figure 14 shows the receive 
levels for the Transmit 
Data 
lines. 


9. Figure 15 shows the receive 
levels for the Transmit 
Clock. 


10. Figure 16 shows the receive 
levels for the Loopback Enable. 


11. Figure 17 shows the receive 
levels for the Lock to Reference 
and Byte Sync Enable lines. 


12. Figure 18 shows the receive 
levels for the Link Control line. 


13. The minimum 
and maximum 
values of the average received 
power in dBm give the input 
power range to maintain 
a BER 
< 10-12. These values take into 
account power penalities 
caused 
by the use of a transmitter 
with 
worst-case combination 
of 
transmitter 
spectral, extinction 
ratio and pulse shape 
characteristics. 


14. Optical Fiber with core 
diameter 
of 50 ~m and cladding 
diameter 
of 125 ~m, and a 
nominal Numerical 
Aperture 
of 
0.20 is recommended. 
The 
modal bandwidth 
(-3 dB optical 
minimum) 
of the 50/125 ~m 
fiber should be 500 MHz. km at 
a wavelength 
of 850 nm. This 
allows for a modal bandwidth 
of 
400 MHz. km at 780 nm. Fiber 
attenuation 
should be 3.0 dB/ 
km maximum 
at 850 nm. This 
allows for a fiber attenuation 
of 
4.0 dB/km maximum 
at 780 nm. 


15. Optical fiber with a core 
diameter 
of 62.5 ~m, and a 
nominal Numerical 
Aperture of 
0.275 can also be used with the 
HOLC-0266 OLCs. The modal 


I 


bandwidth 
(-3dB optical 
minimum) 
should be 160 MHz • 
km at a wavelength 
of 850 nm. 


The length limit of 0.70 km is 
due to the restricted 
fiber 
bandwidth. 


16. The optical interface 
connector 
dimensionally 
conforms to the 
industry 
standard 
SC type 
connector documented 
in JIS- 
5973. A dual keyed SC 
receptacle 
serves to align the 
optical transmission 
fiber 
mechanically 
to the OLC. The 
transmit 
side of the receptacle 
is color coded black, the receiver 
side of the receptacle 
is color 
coded yellow. See Figure 19 for 
a drawing of the duplex SC 
receptacle 
that is part of the 
OLC. 


17. A possible source of the SC 
Duplex Cable Assembly is: 
Alcoa Fujikara 
Ltd. 


Telecommunications 
Division 
P.O. Box 5831 
Spartanburg, 
South Carolina 
29304 
Phone#(803)439-5160 
Fax# (803) 433-5353 
Product: SC Duplex Cable 
Assembly with HP Clip 
PIN: C020818 
A possible source of the 48 pin 
connector product is: 
3M Company 
Electronics 
Product Division 
P.O. Box 2963 
Austin, TX 78763 
Phone#: (800) 225-5373 
Fax#: (800) 325-5329 
Product: 48 Position, 4 Row, 


100 mil Spaced Board Mount 
Socket Connector PIN: 
962456-01-12-30 
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Designer Kit Ordering 
Information 
Fiber Channel 266 MBaud 
Optical Link Card Designer's 
Kits may be ordered through 
your local HP Components 
Representative 
or authorized 
HP Components distributor. 


Part 
Number 
Kit Description 


HOLC-K266 
Two HOLC-0266 cards, 4m SC Duplex Cable 
Assembly, Two 48-pin electrical connectors, 
and literature 
I 


Silicon Bipolar Monolithic 
Variable Gain Amplifier 


Technical Data 


Features 
• 3 dB Bandwidth: 
DC to 
2.5 GHz 


• Temperature 
Compensated 
Bias 


• Single Ended or 
Differential 
Operation 


• Low Cost Plastic Surface 
Mount Package 


• Linearized 
Gain Control 
(S21Magnitude) 


Applications 
• VHFIUHF Transceivers 


• RF Data Links 


• Broadband 
LAN's 


Functional 
Block Diagram 
and Pin 
Configuration 


HPVA·0180 
Absolute Maximum Ratings, TA = 25°C* 


Device Voltage, Vcc 
7 Volts 
RF Input 
Power, Pin 
+10 dBm 
Gain Control Voltage, Vac 
0 Volts to Vcc 
Junction 
Temperature, 
Tj 
+150°C 
Storage Temperature, 
Tstg 
-55° to +150°C 


*Operation 
in excess of anyone 
of these conditions 
may result 
in permanent 
damage 
to this device. 
Careshouldbetaken to preventElectroStaticDischarge(ESD)that could 
permanentlydamagethe device.(ClassIIsensitivity) 
Notes: 
1. A BJA of200°CIWshouldbeused forderatingandjunctiontemperature 
calculations: TJ = (PD x BJA) + TA 
2.Maximumsolderingtemperature is 260°Cfor5 seconds. 


rli~ HEWLETT 
~~ 
PACKARD 


Description 
The HPVA-0180 is a silicon 
monolithic 
variable 
gain 
amplifier 
in a plastic 
surface 
mount SO-8 package. 
It is de- 


signed for wide or narrow 
band- 
width applications 
from DC to 
2.5 GHz. The amplifier 
pro- 
vides 20 dB gain (26 dB in dif- 
ferential 
operation) 
with 20 dB 
gain control over its entire 
DC 
to 2.5 GHz bandwidth, 
and dis- 


sipates 
only 250 mW from a 
single 6 volt power supply. 
The 
device may be operated 
in any 
combination 
of single-ended 
or 
differential 
input/output 
con- 
figurations. 


The internal 
signal path of the 
amplifier 
is fully differential 
to 
achieve the highest 
possible im- 
munity 
against 
transition 
noise. 


The HPVA-0180 also features 
a 
band-gap 
voltage reference 
to 
stabilize 
the bias against 
tem- 
perature 
variations 
and a gain 
controllinearizer 
for linear gain 
change with gain control 
voltage variation. 


The device is manufactured 
us- 


ing Hewlett-Packard's 
13 GHz 
Ft. 25 GHz Fmax silicon bipolar 
integrated 
circuit process. 


Parameters/ 
Test 
Conditions: 
Vcc = 6 V, Zo = 50 Ohms, 
Symbol 
Single 
Ended 
Operation, 
Gain Set = +20 dB 
Units 
Min. 
Typ. 
Max. 


G 
Small Signal Gain 
1S2112, VGC = 5 Volts, f = 300 MHz 
dB 
21 


F3dB 
3 dB Bandwidth 
GHz 
2.5 


VGC 
Gain Control Range 
f= 300 MHz, VGC = 3 to 5 Volts 
dB 
20 


P1dB 
Output 
Power at 1 dB Gain Camp. 
f= 300 MHz 
dBm 
-3 


IP3 
Output 
3rd Order Intercept 
Point, F1 = 300 MHz, 
dBm 
7 


F2= 305 MHz 


NF 
50 Ohm Noise Figure 
f= 300 MHz 
dB 
16 


VSWR 
InputVSWR 
VGC = 3 to 5 Volts, f = 10 MHz to 2,000 MHz 
1.8 


OutputVSWR 
VGC = 3 to 5 Volts, f = 10 MHz to 2,000 MHz 
1.8 


1S1212 
Isolation, 
IS1212, f = 300 MHz 
dB 
32 


AG 
Gain Flatness 
f = 10 MHz to 2,000 MHz 
dB 
±0.8 


Icc 
Supply Current 
mA 
30 
41 
60 


IGC 
Gain Control Supply Current 
mA 
0.1 


CBlOCK 


~1- o~~s 


1 1----------"1 


I 
Is 


I 
2 I 


Vcc : + 6Vn--D-J 


CBYPASS~ 
LJ 


- 
I 


4 I 


VGC 


C BLDCK I 
C BYPASS 
1o~, 


Transmission 
lines (50 ohms) are recommended for all RF input and output connections. 
The use of chip capacitors and chip resistors will minimize unwanted parasitics. 
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HPVA-0180Typical S-Parameters 
Zo = 50 Ohms, TA = 250 C, VCC = 6 V, VGC Set for Nominal 
+20 dB Gain. 


Frequency 
8n 
~ 
812 
822 
MHz 
Mag. 
Ang. 
dB 
Mag. 
Ang. 
dB 
Mag. 
Ang. 
Mag. 
Ang. 


10 
0.23 
0 
20.3 
10.38 
-2 
-44.3 
0.007 
-34 
0.09 
2 
50 
0.24 
-4 
20.2 
10.23 
-9 
-39.3 
0.011 
-113 
0.10 
7 
100 
0.21 
-3 
20.3 
10.31 
-17 
-40.9 
0.009 
68 
0.12 
29 
200 
0.23 
-3 
20.2 
10.25 
-35 
-33.7 
0.021 
56 
0.16 
26 
300 
0.19 
-9 
20.1 
10.05 
-53 
-32.0 
0.025 
38 
0.20 
23 
400 
0.14 
-1 
19.8 
9.75 
-70 
-27.0 
0.045 
23 
0.20 
17 
500 
0.15 
18 
19.4 
9.32 
-87 
-27.7 
0.041 
15 
0.24 
16 
600 
0.18 
29 
19.0 
8.94 
-102 
-26.5 
0.047 
3 
0.29 
0 
700 
0.25 
31 
18.7 
8.65 
-116 
-27.7 
0.041 
-30 
0.28 
-21 
800 
0.28 
23 
18.8 
8.66 
-130 
-29.2 
0.035 
-31 
0.27 
-43 
900 
0.30 
11 
19.0 
9.88 
-145 
-31.8 
0.026 
-61 
0.24 
-66 
1,000 
0.28 
-3 
19.0 
8.91 
-161 
-30.7 
0.029 
-76 
0.21 
-90 
1,100 
0.27 
-15 
19.3 
9.24 
-178 
-40.9 
0.009 
-47 
0.16 
-109 
1,200 
0.23 
-25 
19.4 
9.33 
166 
-37.3 
0.014 
-21 
0.14 
-110 
1,300 
0.20 
-32 
19.4 
9.35 
149 
-36.3 
0.Q15 
3 
0.15 
-125 
1,400 
0.14 
-34 
19.6 
9.59 
132 
-31.1 
0.028 
10 
0.16 
-142 
1,500 
0.12 
-42 
19.5 
9.45 
115 
-30.1 
0.031 
-13 
0.15 
-156 
1,600 
0.09 
-37 
19.5 
9.40 
97 
-28.3 
0.039 
0 
0.15 
-168 
1,700 
0.10 
-10 
19.3 
9.21 
79 
-28.2 
0.039 
-16 
0.14 
-168 
1,800 
0.10 
-14 
19.5 
9.45 
62 
-25.9 
0.051 
-32 
0.11 
-179 
1,900 
0.11 
-21 
19.4 
9.29 
45 
-24.7 
0.058 
-46 
0.16 
174 
2,000 
0.12 
-54 
19.6 
9.58 
28 
-24.1 
0.062 
-62 
0.17 
167 
2,100 
0.10 
-68 
19.9 
9.85 
9 
-25.6 
0.053 
-49 
0.21 
159 
2,200 
0.10 
-83 
20.0 
10.00 
-12 
-24.3 
0.061 
-60 
0.28 
139 
2,300 
0.06 
-163 
19.8 
9.79 
-33 
-22.7 
0.073 
-71 
0.34 
122 
2,400 
0.08 
158 
19.5 
9.43 
-56 
-23.6 
0.066 
-84 
0.40 
105 
2,500 
0.11 
126 
18.7 
8.57 
-76 
-25.1 
0.055 
-90 
0.43 
90 
2,600 
0.17 
103 
17.7 
7.89 
-95 
-24.6 
0.059 
-101 
0.44 
80 
2,700 
0.20 
84 
16.7 
6.80 
-115 
-22.8 
0.072 
-99 
0.46 
66 
2,800 
0.24 
69 
15.6 
6.00 
-134 
-23.7 
0.065 
-101 
0.48 
61 
2,900 
0.29 
48 
14.8 
5.50 
-153 
-21.6 
0.083 
-115 
0.45 
56 
3,000 
0.36 
45 
14.0 
5.03 
-169 
-23.0 
0.071 
-125 
0.42 
52 
3,100 
0.35 
27 
. 13.1 
4.50 
178 
-23.7 
0.065 
-115 
0.44 
52 
3,200 
0.38 
31 
12.0 
4.00 
162 
-21.0 
0.089 
-119 
0.39 
48 
3,300 
0.43 
27 
11.3 
3.67 
147 
-20.9 
0.091 
-135 
0.33 
47 
3,400 
0.48 
24 
10.3 
3.28 
130 
-20.6 
0.094 
-144 
0.32 
42 
3,500 
0.47 
23 
9.2 
2.88 
115 
-20.2 
0.098 
155 
0.24 
43 
4,000 
0.40 
15 
5.1 
1.81 
44 
-19.0 
0.112 
-166 
0.18 
90 


HPVA-0180Typical Performance Parameters 
Zo = 50 Ohms, TA = 25° C, VCC = 6 V, VGC Set for Nominal 
+20 dB Gain. 


Linear 
Phase 
Relative 
Gain 
Group 
Frequency 
Deviation 
Phase 
Deviation 
Delay 
Input 
Output 
MHz 
(Deg.) 
(Deg.) 
(dB) 
(ns) 
VSWR 
VSWR 


10 
-0.3 
0.0 
0.0 
0.52 
1.6 
1.2 
50 
-0.7 
-10.7 
-0.01 
0.46 
1.6 
1.2 


100 
-1.1 
-19.5 
0.00 
0.49 
1.6 
1.3 
200 
-2.2 
-37.0 
-0.01 
0.49 
1.6 
1.4 
300 
-3.0 
-50.9 
-0.02 
0.48 
1.5 
1.5 
400 
-4.0 
-72.1 
-0.54 
0.49 
1.4 
1.5 
500 
-4.0 
-88.5 
-0.93 
0.46 
1.4 
1.7 


600 
-2.4 
-103.5 
-1.30 
0.42 
1.5 
1.8 
700 
0.1 
-117.6 
-1.58 
!I 
0.39 
1.7 
1.8 
800 
2.4 
-131.7 
-1.57 
0.39 
1.8 
1.7 


900 
3.6 
-147.1 
-1.35 
0.43 
1.8 
1.6 


1,000 
4.0 
-163.1 
-1.32 
0.45 
1.8 
1.5 


1,100 
3.8 
-180.0 
-1.00 
0.47 
1.8 
1.4 


1,200 
4.3 
-196.1 
-0.92 
0.44 
1.5 
1.4 


1,300 
4.5 
-212.4 
-0.91 
0.46 
1.5 
1.4 


1,400 
3.6 
-229.7 
-0.68 
0.48 
1.3 
1.4 


1,500 
2.9 
-247.1 
-0.82 
0.48 
1.3 
1.4 


1,600 
1.8 
-264.7 
0.85 
0.49 
1.2 
1.4 


1,700 
0.6 
-282.4 
-1.04 
0.50 
1.3 
1.3 


1,800 
0.1 
-299.4 
-0.82 
0.48 
1.2 
1.3 


1,900 
-0.8 
-317.0 
-0.96 
0.48 
1.2 
1.4 
2,000 
-1.2 
-334.0 
-0.69 
0.47 
1.3 
1.4 


2,100 
-3.8 
-353.0 
-0.45 
0.53 
1.2 
1.6 


2,200 
-7.5 
-373.4 
-0.29 
0.56 
1.2 
1.8 


2,300 
-13.0 
-395.2 
-0.51 
0.61 
1.1 
2.1 
2,400 
-18.8 
-417.6 
-0.83 
0.62 
1.2 
2.4 


2,500 
-22.0 
-437.4 
-1.66 
0.55 
1.3 
2.6 
2,600 
-24.8 
-456.7 
-2.46 
0.53 
1.4 
2.5 


2,700 
-27.9 
-476.5 
-3.67 
0.55 
1.5 
2.8 


2,800 
-31.0 
-495.9 
-4.75 
0.55 
1.7 
2.8 
2,900 
-33.5 
-514.9 
-5.51 
0.52 
1.8 
2.6 


3,000 
-32.4 
-530.5 
-6.29 
0.43 
2.2 
2.4 


3,100 
-29.1 
543.9 
-7.26 
0.37 
2.1 
2.5 


3,200 
-28.6 
-559.9 
-8.29 
0.44 
2.3 
2.2 


3,300 
-26.7 
-574.8 
-9.29 
0.43 
2.6 
2.1 
3,400 
-27.9 
-591.8 
-10.01 
0.46 
2.8 
1.8 


3,500 
-25.5 
-606.4 
-11.12 
0.42 
3.0 
1.7 


4,000 
-14.0 
-677.5 
-15.18 
0.37 
2.3 
1.4 
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Figure 
3. Typical 
I'J.dB vs. Frequency 
over 
Gain Control 
Range at 25° C 
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Figure 
2. Typical 
Noise Figure 
vs. Frequency 


over Gain Control 
Range at 25° C 
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Figure 
4. Typical 
Linear 
Phase 
vs. Frequency 


over Gain Control 
Range at 25° C 
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Figure 
5. Typical 
Input 
and Output 
VSWR VB. 
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Gain = 20 dB at 25° C 
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Figure 
6. Typical 
I CCVB. VCC at 25°C 
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Theory of Operation 
Figure 10 shows the simplified 
schematic for the HPVA-0180. 
The signal path is a cascade of 
an input buffer, a variable-gain 
stage, and an output buffer. 
The input buffer provides 50 n 
input impedance and proper 
bias voltage for the variable- 
gain stage. The variable-gain 
stage is the main amplifier, 
whose voltage gain can be ad- 
justed by the gain-controlling 
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voltage, VGC. The output buffer 
has 50 Ohm output impedance 
and is designed to drive 50 Ohm 
loads. The HPVA-0180 also 
contains a VGCtranslator 
and a 
band-gap voltage reference. 
The VGCtranslator 
takes the 
external gain-controlling volt- 
age, VGC,and generates VGCl 
and VGC2to control the var- 
iable-gain stage. The VGC 
translator 
also linearizes the 


HPVA-0180's gain with respect 
to VGC. The band-gap voltage 
reference generates a bias volt- 
age, Vbias,to drive all of the cur- 
rent sources in the circuit. The 
voltage Vbiasis temperature 
compensated so that the output 
current of all of the current 
sources will remain stable over 
a wide temperature 
range. 


VBIAS~ 


I---J--- 
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I 
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II 
BAND-GAP 
: 
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I 
I 
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_______J 


Dimensions 
Symbol 
Min. 
Max. 


A 
1.35 (0.053) 
1.75 (0.068) 
Al 
0.10 (0.004) 
0.25 (0.0098) 
B 
0.35 (0.0138) 
0.49 (0.0192) 
C 
0.19 (0.007) 
0.25 (0.0098) 
D 
4.80 (0.189) 
5.00 (0.197) 
E 
3.80 (0.150) 
4.00 (0.157) 
e 
1.27 BSC (0.050) 
H 
5.80 (0.228) 
6.20 (0.244) 
h 
0.25 (0.010) 
0.50 (0.020) 
L 
0.40 (0.016) 
1.27 (0.050) 
a 
0° 
8° 
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IDA-07318 


MaglCTM 
Silicon 
Bipolar 
MMIC 
1.5 Gb/s 
laser 
Diode 
Driver 


Features 


• 
High 
Data 
Rates: 
1.5 Gb/s 
NRZ 


• 
High 
Modulation 
Current: 
50 mA 


• 
High 
Prebias 
Current: 
50 mA 


• 
low 
VSWR 
50 Q Input, 
ECl 
level 
Compatible 


• 
Differential 
or 
Single-ended 
Inputs 


• 
Separate 
Modulation 
and 
Prebias 
Controls 


• 
Single 
Power 
Supply: 
+5 V or -5.2 V 


• 
Hermetic 
Glass-metal 
Surface 
Mount 
Package 


Description 


The IDA-07318 is a wideband silicon bipolar Monolithic Microwave 
Integrated 
Circuit (MMIC), Laser Diode (LD) driver, housed in a 
miniature glass-metal hermetic surface mount package. It is designed 
to provide high speed current drive for laser diodes or light emitting 
diodes (LEOs). On-chip termination resistors and flexible prebias and 
modulation control inputs simplify your design. 


Typical applications 
include fiber optic data communications 
(e.g., 


FOOl, serial HIPPI) and telecommunications 
(e.g., SONET) systems 
where 
high speed 
laser diodes 
are used with data rates up to 
1.5 Gb/s. In addition, instrumentation and communication circuits can 
use the high speed current modulation feature of the IDA-07138. 


The IDA series of laser diode drivers is fabricated using HP's 10 GHz 
fT, 25 GHz fMAXISOSATTM-1 silicon bipolar process that uses nitride 
self-alignment, submicrometer lithography, trench isolation, ion implan- 
tation, gold metalization, and polyimide inter-metal dielectric and scratch 
protection to achieve excellent performance unifonmity, and reliability. 


Typical 
Laser-Diode 
Transfer 
Curve 


Optical 
Output 
Power 


.3 
.6 
Ipc and 
Ime• mA 


Guaranteed 
Electrical 
Specifications,TA 
= 25°C, Vcc = 0 V, Vee ~ -5.2 V, Z Load = 12 Q (see Test Configuration) 


~ 


0.150 
0.050 
3.81 
1.27 
--.L!= 


0.015 
.-£.381 
T 
0.405 
Max. _ 


10.29 


t 


0.070Max. 
1.78 
t 


0.220 dl 
t 


o'1:::aM~:~.~ 


4.57 sa,,1 
0.006 
~: 
:~l 
v•• 
AC GROUND 
t 


PIN DESCRIPTION 


Vin+ 
8 
Vcc 
Vin- 
7 Output Current- 


Mod, Input 
6 Output Current+(to LO) 


4 
Vee 
5 
Prebias Input 


Bottom of Package is Vee 


Notes: 
(unless otherwise 
specified) 


1. Dimensions are 
jfL 
2. Tolerances 
mm 
in .xxx;;:; ±.005 
mm .xx;; ±.13 


Prebias 
Current 
Control 


Symbol 
Parameters 
and Test Conditions 
Units 
Min. 
Typ. 
Max. 


t, 
Output Rise Time, 20% to 80% (Pin 6) 
Imod = 25 mA,lob 
~ 50 mA 
ps 
220 
300 


tf 
Output Fall Time, 20% to 80% (Pin 6) 
Imod ~ 25 mA,lob 
~ 50 mA 
ps 
240 
320 


IDb 
Laser Diode Prebias Current Set Range 
mA 
0-50 


Imod 
Laser Diode Modulation Current Set Range 1 
mA 
5-50 


Id 
Device Current 
Vcc- Vcc = 5 V, Imod 
~ 0 mA,lpb ~ 0 mA 
30 
40 
50 


Symbol 
Parameters 
and Test Conditions 
Units 
Typ. 


'n 
Propagation Delay Time, Input to Output 
Imod = 25 mA 
ps 
300 


BW 
Small Signal -3 dB Bandwidth 
Imod = 25 mA 
GHz 
1.0 


VSWR 
V;n+, V;n- VSWR 
f~0.1 
t02GHz 
2:1 


I'Db.I, mod 
Modulation or Prebias Current Output Rise Time (Inputs Pin 3 or 5) 
ns 
6 


Parameter 
Absolute 
Maximum' 


Device 
Voltage 
10 V 


Power 
Dissipation2, 
3 
2.5W 


Imodor Ipb 
150 mA rms 


Junction 
Temperature 
200°C 


Storage 
Temperature 
-65 to 200°C 


Thermal Resistance2,: 
Sic = 50°C/W 


Notes: 
1. 
Permanent damage may occur if any of these limijs are exceeded. 


2. 
Tcase = 25°C 


3. 
Derate at 20 mWrC 
for Tc > 75°C 


Test Configuration 


Vin+ 


Typical 
Performance,T 
A = 25°C 


Vcc = 0 V, Vee = 5.2 V, RL = 12 Q 
(unless otherwise noted) 


I 
I 
.... 
- 
·····+85C 
-+25C 
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-40C 
I 
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-35 
c 
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•.• 
-45 
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IDA-07318 
MaglCTM Silicon 
Bipolar 
MMIC 


1.5 Gb/s 
Laser 
Diode 
Driver 


Prebias 
Current 
Control 
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-, 
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, ..'lI 
"'.;'1 " 
..~ 
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1'0... 
..'. 
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500 p/div 
200 p/div 


Fan Time vs. IlD 
Idevice 
YS. Power 
Supply 


and Temperature 
and Temperature 


300 
55 


Vee = -5.5 
V 


8.200 
c( 
45 
__1--1' 


E 
Vee = -5.0 V 


:100 
~ 35 


0 
25 
10 
20 
30 
40 
50 
-40 
0 
40 
80 


IlD. mA 
Temperature, 
C 


60 


ILD vs. Vpc and Vmc 
Input VSWR 
YS. Frequency 


2.0:1 


c( 
40 
E 
~ 1.6:1 


~ 
VI 
20 
> 
1.2:1 
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-4 
·3.5 
·3 
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.1 
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IDC-51418 
MaglCTMSilicon 
Bipolar 
MMIC 
1.5 Gb/s Decision 
Circuit 


Features 


• High Data Rates: 1.5 Gb/s NRZ 
• Input Sensitivity 
< 20 mVpp Typical 
• ECl 
Voltage 
Swing Compatible 
C-Input and 
a-Outputs 
• Single 
Ended or Differential 
C and D Inputs 
• Single 
Power Supply: 
+5 V or -5.2 V 
• low 
Power: 450 mW Typical 
Dissipation 
• Hermetic 
Glass-metal 
Surface 
Mount Package 


Description 


The 
IDC-51418 
is a high 
speed 
silicon 
bipolar 
Monolithic 


Microwave 
Integrated 
Circuit 
(MMIC) 
decision 
circuit, 
housed 
in a miniature 
glass-metal 
hermetic, 
surface 
mount 
package. 


It is designed 
for data communications 
and LAN applications. 


Other uses include wide bandwidth 
communications 
and digital 


circuits, 
such as comparators 
and D type flip-flops. 
The IDC- 
51418 
is a master-slave 
D type flip-flop 
with a high gain data 


preamplifier 
for increased 
sensitivity. 
Both the data and clock 
inputs can be driven differentially 
or single ended. The bias and 
input matching 
circuits 
are included 
on-chip. 


The IDC series 
of high speed 
decision 
circuits 
is fabricated 
using 
HP's 
10 GHz, 
fT, 25 GHz 
fMAX ISOSATTM-1 
silicon 
bipolar 
process 
that 
uses 
nitride 
self-alignment, 


submicrometerlithography, 
trench 
isolation, 
ion implantation, 


gold 
metallization, 
and poly imide 
inter-metal 
dielectric 
and 
scratch 
protection 
to 
achieve 
excellent 
performance 
uniformity, 
and reliability. 


Input 
Output 


Cn 
On 
On+1 
Qn +1 


~ 
x 
Qn 
Qn 


~ 
0 
0 
1 


~ 
1 
1 
0 


Cn: Clock State at t = n 


On: Data State at t = n 


an: Output state at t = n 


an +1: Output state at 


1= n +1 


u;DiI~:',' 


~ 


0.405 
Max. -----. 
10.29 


J 
O.070Max. 
1.78 


Of 
rti 
°. 


220 


~ 
t 


0.1:::OM~:~..j 


4.57 SO 
"I 
0.006 
lA 
:~; 


1 
c+ 
2 C· 
3 v_ 
4 0 


PIN 
DESCRIPTION 


• 
0+ 
7 
D· 


• 
v~ 


5 a 


Notes: 
(unless 
otherwise 
specified) 


~: V~~~~~~~~sare 
~r:n 


in .xxx = %.005 
mm.xx=±.13 


v•• 
Package bottom is also Vee 


Symbol 
Parameters 
and Test Conditions: 
Vcc = 5 V, Vee = 0 V, RL = 50 n 
Units 
Min. 
Typ. 
Max. 


t, 
°Output Rise Time, 10% to 90% 
1.5 Gb/s 
ps 
200 


tf 
°Output Fall Time, 90% to 10% 
1.5 Gb/s 
ps 
190 


V;n (0+,0-) 
Minimum Data Input Amplitude (single ended), SER = 10.9 
1.5 Gb/s 
mVpp 
20 
40 


CPM 
Clock Phase Margin 
1.5 Gb/s 
deg 
335 


Fb max 
Maximum Data Rate (NRZ Operation) 
V;n= 40 mV"" 
Gb/s 
1.2 
1.5 


VcI«C+,C-) 
Clock Input Amplitude (single ended) 
mVpp 
600 


Vo(O,Q) 
Output Voltage 
mVpp 
650 
800 


tpd 
Propagation Delay Time, Falling Clock Edge to°Output 
ps 
500 


tsetup 
Setup Time (see Timing Diagram) 
ps 
-25 


thold 
Hold Time (see Timing Diagram) 
ps 
60 


VSWR 
Clock and Data Input VSWR 
f=.01-1.5GHz 
1.3:1 


VSWR 
0, Q Output VSWR 
f=.01-1.5GHz 
2.0:1 


Id 
Ouiescent Device Current 
mA 
75 
95 
115 


Parameter 
Absolute 
Maximum1 


Device 
Voltage 
8V 


Power 
Dissipation2. 
3 
800 mW 


Cor 
D Input 
2Vpp 


Junction 
Temperature 
200°C 


Storage 
Temperature 
-65 to 200°C 


I Thermal Resistance2: 
Sjc = 55°CIW 


Notes: 
1. 
Permanent damage may occur if any of these limits are 
exceeded. 
2. 
Derate at 18 mWrC for Tease> 156°C 


Typical 
Performance,T 
A = 25°C, 


Vcc = 5 V, Vee = 0 V, RL = 50 n 
(unless otherwise noted) 


D~at:setup-i 
~hOld 


Clock 


Q 
y_tpd 
_ 


Data Input Sensitivity 
vs. 
Clock Frequency 
and Temperature 


40 


IDC-51418 Silicon 
Bipolar 
MMIC 


1.5 Gb/s Decision 
Circuit 


Test Configuration 


Single Ended Input/Single 
Ended Output 


Sampling 


Oscilloscope 
Trig 
In 
In 


15 Q 
I 
Cb10ck 


II 
~ 
I 
CblOCk, ~ 
C- 21 
I 


50~ 
1_______ 
--------IJ 


3 
V•• = 0 V 
package 


Cbypass= .22 ~F typical 
_ 
_ 
bottom 


Cb10ck= .22 ~F typical 


Notes: 
For transparent (non-latched comparator) operation. AC 
couple pins 1. 2 (C+. Co)to ground . 


Quiescent 
Input/Output 
Voltages 


(Inputs 
terminated. 
offset 
voltages 
= 0 V) • 


Good RF ground of Pin 3 and package bottom is critical 
for proper operation and good VSWR perlormance of this 
part. 


Input Clock Phase Margin vs. 


Clock Frequency 
and Temperature 


360 


~ 
350 
e 340 
'" 
~ 
330 


:::i321l 


lL 310 
() 
300 
o 


&:30 
> 
E 
21l 
C;> 10 


.4 
.8 
1.2 
1.6 
Clock Frequency. 
Gb/s 


il:900 
> 
E 
i 
800 
o 
> 700 


4:1 
II: 
;: 
3,1 
tIl> 
2:1 


0'"- 


./ 


C+ In 


~ff 


5 


Vcc - V•• , Volts 


Vee - Vee 


5.0V 
-5.2 V 


D 


5.0V 
O.OV 


C 


3.8 V 
-1.2 V 


Q 


3.4 V 
-1.6 V 


Note: 
Small offset voltages 
between 
D+ and D· will 


eause a (0) to go to a high (Vee -.2 V) or low 
(Vee -1.2 V) state. 


Output 
Voltages 
in the 
Latched 
(on/off) 


State 


Vet - V•• 


5.0 V 
-5.2 V 


(j(Vod 


3.8 V 
-1.2 V 


Q (VOH) 


4.8 V 
-.2 V 


Output 
Eye Diagram 
at 1.5 Gbls 


(Pseudorandom 
pattern 
= 223 -1) 
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ITA-12300,ITA-12318 
MaglCTMSilicon 
Bipolar 
MMIC 
0.8 Gb/s Transimpedance 
Amplifier 


Features 


• High Transimpedance 
Gain: Az = 4200 n (72.5 dB) 
• High Data Rates: 0.8 Gb/s NRZ 
• Wide Band width: 
900 MHz (Chip) 
750 MHz (Packaged) 
• Low Noise: 2.8 pAl,lHz 
at 100 MHz 
• Single 
Power Supply: 
+5 V or -5.2 V 
• Low Power Consumption: 
210 mW 
• Available 
in Chip Form and Hermetic 
Glass- 
Metal Surface 
Mount 
Package 


Description 


The ITA-123 series of high-performance transimpedance am- 
plifiers is available in either chip form, ITA-12300 or housed in 
a miniature glass-metal hermetic surface-mount package, 
ITA-12318. These devices are designed for use in fiber-optic 
receivers that require high transimpedance gain, wide band- 
width, reduced power consumption, and low noise. 


Typical applications include fiber-optic systems such as high- 
speed data communications, point to point (Fiber Channel), 
networks (LAN, MAN), and telecommunications (SONET) with 
data rates up to 0.8 Gb/s. 


The ITA series of transimpedance amplifiers is fabricated 
using HP's 10 GHz fT, 25 GHz fmax ISOSAT'M-1silicon bipolar 
process which uses nitride self-alignment, submicrometer 
lithography, trench isolation, ion implantation, gold metalization 
and polyimide inter-metal dielectric and scratch protection to 
achieve excellent performance, uniformity and reliability. The 
recommended assembly procedure for the ITA-12300 chip is 
gold eutectic die attach at 400°C and either wedge or ball 
bonding using 0.7 mil. gold wire.1 
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0.150 
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PIN DESCRIPTION 
, ,,,,,", 
18 
v~ 


2 Vee,ACGround 
7 V. 


3 
VetI,ACGround 
6 
v •• 


4 
NC 
5 
Vool 


Bottom ol Package 
is Vee (AC Ground) 


Notes: 
(unless otherwise 
specified) 


~:¥~~~~~~~~sare ~"m 
in .xxx = %.005 
mm .xx =2:.13 


r 
§I'E 
~ci 
""""~I; 
L~l.------~~5:J.~U~I 


Chip Thickness 
Is 140 
IJ.m/5.5 
mil. (nominal) 


Bond 
Pads 
are 50 
).1m /1.97 
mil. (nominal) 


~UT 


(5) 


o 


I 


,1 


1989 
(1) 


ITA12 
~ 


ITA-12318 180 mil. 
ITA-123003 00 (Chip) 


Symbol 
Parameters 
and Test Conditions: 
Vcc = 5V, Vee= ov, Zl = 50 n 
Units 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Az 
Transimpedance 
Gain 
1=100MHz 
ohms 
3800 
4200 
4200 


F3dB 
Small Signal -3 dB Bandwidth4, 5 
MHz 
600 
750 
900 


/iAz 
Frequency Response Gain Peak4,5 
dB 
0.2 
0.7 
0.2 


In 
Input Current Noise Spectral Density4 
1= 100 MHz 
pAl~Hz 
2.8 
2.8 


Voo-p 
Output Voltage Swing (peak to peak) 
1= 50 MHz 
Vp_p 
1.2 
1.2 


VSWR 
OutputVSWR 
1= 50 to 1000 MHz 
2:1 
2:1 


IMAX 
Maximum Input Current Belore Input Overload6 
1= 50 MHz 
llAo-P 
400 
400 


Id 
Device Quiescent Current 
mA 
30 
43 
55 
30 
43 
55 


Vin 
Input Quiescent Voltage (Pin 1) 
Vdc 
2.2 
2.2 


VOUT 
Output Quiescent Voltage (Pin 5) 
Vdc 
2.2 
2.2 


Notes: 
1. 
See Application 
Note, "AN-AOO5: 
Transistor 
Chip Use" for additional 
information. 


2. 
The recommended 
operating 
voltage 
range 
for this device 
is 4.75 to 5.5 V. 
3. 
RF pertormance 
of chip is determined 
by lesting 
10 devices 
per wafer 
in a 180 mil package. 
4. 
Assumes 
photodiode 
capacitance, 
CPD.<O.5 pF. 
5. 
Referenced 
from 
100 MHz. 
6. 
Input overload 
is defined 
as output 
dUly cycle 
distortion 
~ ±1 0%. 


Parameter 
Absolute 
Maximum' 


Device 
Voltage 
BV 


Power 
Dissipation2, 
3 
700 mW 


Vin-Vee 
3.0V 


Junction 
Temperature 
200°C 


Storage 
Temperature 
-65 to 200°C 


Thermal Resistance: 
Sjc = 50'CIW 
(ITA-12318) 


Sjc = 25'CIW 
(ITA-12300) 


Notes: 
1. 
Permanent damage may occur if any of these limits are 
exceeded. 


2. 
Tease= 25'C (ITA-12318), Tmounlingsuriace= 25'C (ITA-12300) 


3. 
Derate at 20 mW/'C for Tease> 165°C (ITA-12318) 
Derate at 40 mW;oC for Tmounl;ngsuriaee> 182'C (ITA-12300) 


Typical 
Performance, 
TA = 25°C, 


Vcc = 5V, Vee = OV, ZL = 50 n, Cpo < 0.5 pF 
(Unless otherwise noted) 


ITA-12300/1T A-12318 
DC Input/Output 
Characteristics 
No Load 


___._ •••••••• 
TA=85°C 
- 
- 
- 
- 
- 
TA = 25°C 
TA= O'C 


> 3.5 
f; 
>0 
3 


ITA-12318 
Typical 
Transimpedance 
Gain ys. Frequency 


75 


m 70 
~.; 


- 
- 
- - - 
- - 
- , 


1\ TA= 
, TA= 
, 


'TA=I 


0.1 


Frequency, 
GHz 


ITA-12300, ITA-12318 Silicon 
Bipolar 
MMIC 


0.8 Gb/s Transimpedance 
Amplifier 


ITA-12318 
Typical 
Biasing 
Configuration 
and Functional 
Block 
Diagram 


To 
Photodiode 
Bias 


Vcc 


pin 8 
1'1000 
pF 


minimum 
distance 


1 
~ 
Cpd < 0.5 pF 


Preferred PINs allow direct 
bonding to a topside 
metalization, elimination 
any C associated with traces 


Multip;'e vias close to the 
die to minimize L 


Thin substrates to minimize L 
(15 mil AI203 preferred) 


ITA-12300 
Typical 
Transimpedance 
Gain ys. Frequency 


75 


r 


f-- 


'--- 


O'C 


25°C 
85'C 


0.1 


Frequency, 
GHz 


I 


ITA-12300, 
ITA-12318 
Silicon 
Bipolar 
MMIC 
0.8 Gb/s Transimpedance 
Amplifier 


ITA-12318 
Output VSWR vs. Frequency - 


_do 
- 


rTA= 
~ TA= 
~ 


a: 
~ 2.0:1 
>:; 
Co 
~ 1.5:1 
DOC 
25°C 
85°C 


1.0 
2.0 
0.1 


Frequency, GHz 


ITA-12300/1T A-12318 
Equivalent 
Input Current Noise 
vs. Frequency 


-- 


NJ: 
~ 
6 
Co 


0.1 


Frequency, GHz 


ITA-12300 
Output VSWR vs. Frequency - 
- 


:-- 


- 


a: 
~ 2.0:1 
> 
::l 
Co 
:; 1.5:1 
o 


0.1 


Frequency, GHz 


ITA-12300/ITA-12318 
Calculated 
Sensitivity 
vs. Data Rate 
and Optical Wavelength 


1 E·9 Bit Error Rate 
1 AIW Photodlode 
..7: 
Quantum 
Efficiency 
~;•.. 


~ 
~ 
:::-:- 
- - 
;.... 


~ -30 
.",;. 
.~ -35 
E 
'"; 
-40 
CIl 


0.85 I'm 
1.00 I'm 
1.30 I'm 
1.551'm 


0.1 
Data Rate, Gb/s 


ITA·12318 
Eye Diagram, 622 Mb/s 
Photo current = 100 ~A poP,PRSS = 231 -1 


~.. 
.' ~ 


~ 
. 


" _.~ 
~:~ ~~ 


''-'~:. 
.- 
, 
,;;Jf 


f..;¥ 
'1".; 
" ., 
~. 
.?'" 
.~ - 
•• rj$.' 
~•... 
.. 
" 


~ 
".: 
" . 


" 


.•.. 
" 
.. 
.' 
" .. 
. 
,..,.... 


19.1240 ns 


Time, 300 psldiv 


ITA-12300, 
ITA-12318 Silicon Bipolar MMIC 


0.8 Gb/s Transimpedance 
Amplifier 


Typica11TA-12318Scattering Parameters: Zo = 50 n 
TA = 25°C, Vcc = 5 V 


5" 
521 
5'2 
522 
Freq. 
MHz 
Mag 
Ang 
dB 
Mag 
Ang 
dB 
Mag 
Ang 
Mag 
Ang 
k 


50 
.57 
-1.0 
31.70 
38.57 
-10.0 
-49.50 
003 
-131.0 
.36 
164.0 
2.23 


100 
.57 
1.0 
31.50 
37.60 
-22.0 
-49.60 
.003 
18.0 
.33 
160.0 
2.65 


150 
.59 
2.0 
31.20 
36.14 
-32.0 
-55.00 
.002 
-59.0 
.33 
157.0 
4.68 
200 
.60 
2.0 
30.70 
34.32 
-41.0 
-64.00 
.001 
148.0 
.34 
151.0 
12.92 
250 
.62 
1.0 
30.40 
32.91 
-500 
-55.50 
.002 
-32.0 
.34 
144.0 
5.15 


300 
.63 
0.0 
30.00 
31.58 
-59.0 
-56.80 
.002 
-830 
.35 
137.0 
5.37 


350 
.63 
-2.0 
29.60 
30.29 
-66.0 
-55.80 
.002 
-26.0 
.35 
129.0 
5.55 
400 
.64 
-3.0 
29.30 
29.21 
-74.0 
-57.10 
.001 
74.0 
.35 
122.0 
6.47 


450 
.65 
-4.0 
29.00 
28.25 
-81.0 
-54.80 
.002 
-135.0 
.35 
115.0 
4.84 


500 
.65 
-5.0 
28.80 
27.52 
-89.0 
-66.60 
0.000 
145.0 
.35 
106.0 
9.06 


550 
.65 
-7.0 
28.60 
26.85 
-96.0 
-57.50 
.001 
20.0 
.35 
98.0 
7.30 
600 
.65 
-8.0 
28.40 
26.26 
-104.0 
-52.40 
.002 
114.0 
33 
90.0 
4.03 
650 
.65 
-9.0 
28.20 
25.52 
-112.0 
-61.30 
.001 
-56.0 
.33 
83.0 
11.82 


700 
.65 
-10.0 
27.90 
24.91 
-120.0 
-53.40 
.002 
-169.0 
.31 
72.0 
4.73 


750 
.65 
-11.0 
27.70 
24.17 
-128.0 
-62.70 
.001 
-117.0 
.29 
63.0 
15.10 
800 
.65 
-12.0 
27.50 
23.57 
-136.0 
-54.90 
.002 
155.0 
.27 
52.0 
6.21 


850 
.65 
-13.0 
27.20 
22.78 
-144.0 
-47.40 
.004 
177.0 
.25 
40.0 
2.69 
900 
.65 
-14.0 
26.90 
22.05 
-153.0 
-64.50 
.001 
-168.0 
.23 
28.0 
20.61 
950 
.65 
-15.0 
26.40 
20.86 
-161.0 
-49.60 
.003 
131.0 
.21 
15.0 
3.96 


1000 
.65 
-15.0 
26.10 
20.15 
-169.0 
-61.40 
.001 
-167.0 
.18 
4.0 
16.16 


1050 
.65 
-16.0 
25.60 
19.07 
-177.0 
-55.40 
.002 
-176.0 
.17 
-12.0 
8.57 


1100 
.65 
-16.0 
25.10 
18.04 
175.0 
-50.10 
.003 
144.0 
.15 
-24.0 
4.96 
1150 
.65 
-17.0 
24.60 
17.06 
168.0 
-44.80 
.006 
157.0 
.14 
-41.0 
2.82 I 


1200 
.65 
-18.0 
24.10 
16.05 
160.0 
-47.20 
.004 
163.0 
.12 
-58.0 
4.01 


Typica11TA-12300Scattering Parameters: Zo = 50 n 
TA = 25°C, Vcc = 5 V 


5" 
521 
5,2 
522 
Freq. 
MHz 
Mag 
Ang 
dB 
Mag 
Ang 
dB 
Mag 
Ang 
Mag 
Ang 
k 


50 
.52 
-2.0 
32.40 
41.51 
-9.0 
-48.00 
.004 
1.0 
.35 
171.0 
2.20 
100 
.53 
2.0 
32.20 
40.62 
-19.0 
-69.80 
0.000 
-159.0 
.34 
169.0 
7.67 
150 
.54 
4.0 
31.90 
39.43 
-28.0 
-52.20 
.002 
-97.0 
.35 
166.0 
3.19 
200 
.55 
4.0 
31.60 
38.21 
-37.0 
-57.60 
.001 
86.0 
.35 
162.0 
6.18 
250 
.56 
4.0 
31.30 
36.65 
-45.0 
-62.20 
.001 
29.0 
.35 
157.0 
10.77 
300 
.58 
4.0 
31.00 
35.31 
-52.0 
-54.60 
.002 
48.0 
.35 
151.0 
4.65 
350 
.58 
4.0 
31.00 
34.26 
-60.0 
-53.20 
.002 
43.0 
.35 
145.0 
4.10 


400 
.59 
3.0 
30.40 
33.17 
-67.0 
-67.00 
0.000 
95.0 
.34 
138.0 
8.79 


450 
.60 
2.0 
30.20 
32.16 
-74.0 
-60.90 
.001 
-96.0 
.33 
132.0 
9.69 
500 
.61 
2.0 
29.90 
31.31 
-81.0 
-53.70 
.002 
164.0 
.32 
125.0 
4.28 
550 
.61 
2.0 
29.70 
30.57 
-88.0 
-58.70 
.001 
-175.0 
.31 
117.0 
7.82 
600 
.62 
1.0 
29.50 
29.77 
-95.0 
-58.90 
.001 
-7.0 
.29 
110.0 
8.54 
650 
.62 
0.0 
29.20 
28.93 
-103.0 
-48.10 
.004 
-139.0 
.27 
101.0 
2.37 
700 
.63 
0.0 
29.00 
28.20 
-110.0 
-49.70 
.003 
159.0 
.25 
92.0 
302 


750 
.63 
-1.0 
28.70 
27.36 
-117.0 
-55.00 
.002 
41.0 
.23 
82.0 
5.99 


800 
.63 
-1.0 
28.40 
26.30 
-125.0 
-46.40 
.005 
136.0 
.20 
72.0 
2.27 


850 
.64 
-2.0 
28.10 
25.26 
-133.0 
-47.30 
.004 
164.0 
.18 
59.0 
2.60 


900 
.64 
-3.0 
27.70 
24.21 
-140.0 
-52.20 
.002 
179.0 
.15 
47.0 
4.76 


950 
.64 
-3.0 
27.30 
23.20 
-147.0 
-45.60 
.005 
161.0 
.13 
31.0 
2.37 


1000 
.64 
-4.0 
26.80 
21.81 
-155.0 
-45.50 
.005 
-178.0 
.11 
12.0 
2.48 


1050 
65 
-4.0 
26.40 
20.85 
-161.0 
-43.20 
.007 
125.0 
.10 
-6.0 
2.01 


1100 
.65 
-5.0 
25.90 
19.64 
-169.0 
-45.20 
.006 
157.0 
.10 
-32.0 
2.64 


1150 
.65 
-5.0 
25.30 
18.45 
-175.0 
-45.60 
.005 
166.0 
.10 
-52.0 
2.96 


1200 
.65 
-6.0 
24.80 
17.30 
1780 
-44.50 
.006 
153.0 
.11 
-65.0 
2.75 
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ITA-06300 
MagiC"" 
Silicon 
Bipolar 
MMIC 
1.5 Gb/s Transimpedance 
Amplifier 
Chip 


Features 


• High Transimpedance 
Gain: 
Az = 2800 Q (69 dB) 
• High Data Rates: 
1.5 Gb/s 
NRZ 
• Wide 
Bandwidth: 
1.5 GHz 
• Low Noise: 
3.5 pAlv'Hz at 100 MHz 
• Single 
Power 
Supply: 
+5 V or -5.2 V 
• Low 
Power 
Consumption: 
170 mW 


Description 


The 
ITA-06300 
series 
of high-performance 
transimpedance 
amplifier 
chip. It is designed 
for use in fiber-optic 
receivers 
that 
require 
high transimpedance 
gain, 
wide 
bandwidth, 
reduced 
power 
consumption, 
and low noise. 


Typical 
applications 
include 
fiber-optic 
systems 
such as high- 
speed 
data 
communications, 
point to point 
(Fiber 
Channel), 
networks 
(LAN, MAN), and telecommunications 
(SONET) 
with 
data rates up to 1.8 Gb/s. 


The 
ITA 
series 
of transimpedance 
amplifiers 
is fabricated 
using HP's 10 GHz fT, 25 GHz fmax ISOSAT'M-1 
silicon 
bipolar 
process 
which 
uses 
nitride 
self-alignment, 
submicrometer 
lithography, 
trench isolation, 
ion implantation, 
gold metalization 
and polyimide 
inter-metal 
dielectric 
and scratch 
protection 
to 
achieve 
excellent 
performance, 
uniformity 
and reliability. 
The 
recommended 
assembly 
procedure 
is gold eutectic 
die attach 
at 400°C 
and either 
wedge 
or ball bonding 
using 0.7 mil. gold 


wire.1 


\ 
CD 
"C~ 60 
••• 


Chip 
Outline 
r 
I 
Vcc 
0 
~T 
0 


(8) 
(5) 


~~ 
",on 
~o 
AK 
+1 +1 
gl~ 0 
L 


1989 
0 
(1) 
(6) 
(7) 
ITA06 ~ 
Vee1 
Vee2 
I 


I. 
750 
± J1l!!!L 
.1 
29.55 ± 0.5 mil 


Chip Thickness 
is 140~m /5.5 mil. 
Bond Pads are 50~m /1.97 mil. 


I 
I 
I 
I 5 
Cb10ckr~ 


Symbol 
Parameters 
and Test Conditions4: 
Vcc = 5 V, Vee= 0 V, ZL = 50 n 
Units 
Min. 
Typ. 
Max. 


Az 
Transimpedance 
Gain 
1= 100 MHz 
ohms 
2800 


F3dB 
Small Signal -3 dB BandwidthS, 6 
GHz 
1.5 
Mz 
Frequency Response Gain PeakS,6 
dB 
0.0 
1.0 


In 
Input Current Noise Spectral DensityS 
1= 100 MHz 
pA/;!Hz 
3.5 


Voo-o 
Output Vo Swing (peak to peak) 
f = 50 MHz 
Vn_n 
0.95 


VSWR 
OutputVSWR 
1= 100 MHz 
2.2:1 


IMAX 
Maximum Input Current Belore Input Overload7 
1= 50 MHz 
~n.n 
450 
Id 
Device Quiescent Current 
mA 
34 


Vin 
Input Quiescent Voltage 
Vdc 
1.5 


VOUT 
Output Quiescent Voltage 
Vdc 
2.5 


Notes: 
1. 
See Application 
Note, "AN·DOS: Transistor 
Chip Use" for additional 
information. 
2. 
The recommended 
operating 
voltage 
range for this device 
is 4.5 to 5.5 V. 
3. 
Tested 
in HP 180 mil package. 
4. 
RF performance 
of chip is determined 
by packaging 
and testing 
10 devices 
per wafer. 


5. 
Assumes 
photodiode 
capacitance, 
Cpo. <0.3 pF. 


6. 
Referenced 
from 
100 MHz. 
7. 
Output 
duty cycle 
distortion 
S ±10%. 
8. 
See Data Sheet. 
"ITA·06318. 
MaglCTM 
Silicon 
Bipolar 
MMIC" 


Parameter 
Absolute 
Maximum' 


Device 
Voltage 
8V 


Power 
Dissipation2, 
3 
700 mW 


Vin-Vee 
2.0 V 


Junction 
Temperature 
200°C 


Storage 
Temperature 
-65 to 200°C 


Thermal Resistance: 
Sjc= 25°CfW 


Notes: 
1. 
Permanent damage may occur if any of these limits are 
exceeded. 
2. 
Tmounting 
surface (Tms):;::; 25°C. 
3. 
Derate at 40 mWrC 
for Tms > 182°C. 


Equivalent 
Input Current Noise 
vs. Frequency and Vcc 


3.0 


~ 
2.5 
!e 
'5 2.0 
So 
c5 1.5 -- 
- 
"- 


•..... 


1 


Frequency, 
GHz 


ITA-06300, 
Silicon 
Bipolar 
MMIC 


1.5 Gb/s Transimpedance 
Amplifier 
Chip 


Typical Performance, TA = 25°C, 


Vcc = 5 V, Vee = 0 V, ZL = 50 Q, Cpo < 0.3 pF 
(Unless otherwise noted) 


- 
~ 
-- 
--- 
Vcc = 5.0 V 


Calculated Sensitivity 
vs. Frequency 


and Optical Wavelength 


0.85jlm 
1.00jlm 
----- 
1.30 jlm 
~ 
............... 
1.55jlm 
. .........• 
- - 
. 


. 
':="1E 
9 Bit Error Rate, 
.,., 
1 AIW Photodiode 
Quantum 
Efficiency 


E!g -30 
·f -35 
E 
III 
~ -40 


-45 
.01 
I 


Features 


• High Transimpedance 
Gain: Az = 2800 Q (69 dB) 
• High Data Rates: 1.5 Gb/s NRZ 
• Wide Bandwidth: 
1.3 GHz 
• Low Noise: 3.5 pAl..JHz at 100 MHz 
• Single 
Power Supply: 
+5 V or -5.2 V 
• Low Power Consumption: 
170 mW 
• Hermetic 
Glass Metal Surface 
Mount 
Package 


Description 


The ITA-06318 is a high-performance transimpedance ampli- 
fier housed in a minature glass-metal hermetic surface- mount 
package. It is designed for use in fiber-optic receivers that 
require high transimpedance gain, wide bandwidth, reduced 
power consumption, and low noise. 


Typical applications include fiber-optic systems such as high- 
speed data communications, point to point (Fiber Channel), 
networks (LAN, MAN), and telecommunications (SONET) with 
data rates up to 1.8 Gb/s. 


The ITA series of transimpedance amplifiers is fabricated 
using HP's 10 GHz fT, 25 GHz fmax ISOSA"fTM-1silicon bipolar 
process which uses nitride self-alignment, submicrometer 
lithography, trench isolation, ion implantation, gold metalization 
and polyimide inter-metal dielectric and scratch protection to 
achieve excellent performance, uniformity and reliability. 


\ 
III 
": 
60 
<' 


180 mil Package 


8 
TL 
0.150 
0.050 
3.81 
1.27 


~ D 


0.015 


L·381 
T 
0.405 Max._ 
10.29 


t 
0.070Max. 
1.78 
f 


~ 


0'220 
~ 
t 


o'l:::aM~:~.~ 


4.57 sa:l.,l 
0.006 
Qj 
:~l 


Vee 
AC GROUND 
1 


PIN DESCRIPTION 


1 Inp", I 
8 v~ 
2 
Vea. AC Ground 
7 
Vee 
3 
Vee, AC Ground 
6 
Vee 


4 
NC 
5 
You! 


Bottom of Packane is Yee (AC Ground) 


Notes: 
(unless 
otherwise 
specified) 


1. Dimensions 
are 
l!!..- 


2. Tolerances 
mm 
in 
.xxx = :s::.005 
mm .xx = ±.13 


Symbol 
Parameters 
and Test Conditions: 
Vcc = 5 V, Vee= 0 V, ZL = 50 Q 
Units 
Min. 
Typ. 
Max. 


Az 
Transimpedance 
Gain 
1= 100 MHz 
ohms 
2200 
2800 


F3dB 
Small Signal -3 dB Bandwidth2,4 
GHz 
0.9 
1.3 


Mz 
Frequency Response Gain Peak2, 4 
dB 
0.0 
1.1 
2.0 


In 
Input Current Noise Spectral Density2 
f = 100 MHz 
pAl"Hz 
3.5 


Voo-o 
Output Vo Swing (peak to peak) 
1= 50 MHz 
Vn.n 
0.95 


VSWR 
OutputVSWR 
f = 100 MHz 
1.5:1 


IMAX 
Maximum Input Current Belore Input Overload3 
1= 50 MHz 
~An_n 
450 
Id 
Device Quiescent Current 
mA 
34 


Vin 
Input Quiescent Voltage 
Vdc 
1.5 


VOUT 
Output Quiescent Voltage 
Vdc 
2.5 


Parameter 
Absolute 
Maximum' 


Device 
Voltage 
8V 


Power 
Dissipation2, 
3 
700 mW 


Vin-Vee 
2.0V 


Junction 
Temperature 
200°C 


Storage 
Temperature 
-65 to 200°C 


Thermal Resistance: 
Sje= 50'CIW 


Notes: 
1. 
Permanent damage may occur if any of these limits are 
exceeded. 


2. 
Tease= 25'C. 


3. 
Derate at 20 mwrc for Tease> 165'C. 


10 


8 
N:I: 
...,. 
6 
Cl 
Q. 
4 
~ 
2 


0 
.01 


Equivalent 
Input 
Current 
Noise 
vs. Frequency 
and 
Vcc 


--- 
Vcc = 5.5 V 
--- 
Vcc = 5.0 V 
---- 
Vcc=4.5V 


"-.....J 


a: 
~ 
2 
> 


ITA-06318 Scattering 
Parameters: 
VCC - Vee = 5V 


Freq. 
511 
521 


GHz 
Mag 
Ang 
Mag 
Ang 


0.05 
.10 
-24 
62.0 
-6 
010 
.07 
-21 
63.3 
-14 


0.20 
.04 
39 
64.3 
-30 


0.30 
.08 
90 
66.1 
-45 
0.40 
.17 
92 
67.4 
-67 
0.50 
.28 
84 
67.0 
-86 
0.60 
.38 
74 
64.1 
-107 
0.70 
.48 
61 
58.6 
-128 


0.80 
.55 
50 
51.8 
-147 


0.90 
.60 
39 
44.7 
-165 
1.00 
.64 
31 
38.3 
179 
1.25 
.69 
16 
25.6 
146 
1.50 
.71 
6 
17.9 
11B 
1.75 
.71 
-2 
129 
94 


2.00 
.71 
-9 
9.8 
70 


2.50 
.69 
-25 
6.3 
2B 


5-243 


ITA-06318, 
Silicon 
Bipolar 
MMIC 


1.5 Gb/s Transimpedance 
Amplifier 


Typical 
Performance, 
TA = 25°C, 


Vcc = 5 V, Vee = 0 V, ZL = 50 n, CPD < 0.3 pF 
(Unless otherwise noted) 


./ 
- 
--1" 
-- 
~-- 
--- 
Vcc = 5.5 V 
-- 
Vcc=5.0V 


---- 
Vcc=4.5V 
I 


Calculated 
Sensitivity 
vs. 
Frequency 


and 
Optical 
Wavelength 


, 
'" 
0.851Jm 
1.001Jm 
~ 
----- 
1.3OlJm 
--------------- 
1.551Jm 
~;:: 
.• 


-~.::~.. 


1E-9 Bit Error Rate, 
'::.-' 
1 AIW Photodiode 
Quantum 
Efficiency 


E 
lD -30 
'tl 


~ -35 
'0 
~ -40 
VI 
I 


0.5 
0.1 
0.5 


Data Rate, Gb/s 


10 mV 
200 pS 


512 
522 
Mag 
Ang 
Mag 
Ang 


.002 
-104 
.38 
16B 


.003 
-86 
.35 
166 


.003 
-75 
.33 
165 


.003 
-63 
.33 
161 
.003 
-57 
.33 
155 
.003 
-44 
.32 
147 


.002 
-30 
.32 
139 
.002 
-14 
.29 
129 
.002 
0 
.28 
122 
.002 
16 
.26 
110 


.002 
27 
.25 
103 


.003 
61 
.21 
86 
.004 
93 
.21 
73 
.006 
141 
.21 
66 


.007 
164 
.20 
63 


.015 
178 
.14 
69 


rJ,ga HEWLETT 
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Optocouplers 


• Plastic Optocouplers 
• Isolation Amplifiers 
• Solid State Relays 
• Hermetic Optocouplers 


F/;;' HEWLETT 
~~PACKARD 


Optocouplers 


Plastic Optocouplers 
Put an end to erroneous data, 
false control signals, and 
damaged circuits with HP's line 
ofhigh-perfonnance 
plastic 
optocouplers. There are six 
basic families of optocouplers to 
choose from: high-speed logic 
gate, high-speed transistor 
output, high-gain, high-speed 
CMOS logic-to-Iogic, AC/DC-to- 
logic interface, and 20 mA 
current loop. All plastic 
optocouplers are UL approved 
and have a withstand 
voltage of 
2500 Vrms/1 minute as a 
standard feature. A 5000 
Vrms/1 minute option is avail- 
able on selected families. Also 
available is a surface mount 
option for our standard 
package. 


A true surface mount SO-8 
package is available for all 6N 
series optocouplers, the HCPL- 
2601111, the HCPL-4502l3, and 
the HCPL-2201l11. 


A VDE 0884 approved version of 
the 6N135/6, 6N13819, HCPL- 
4562, and HCPL-4502l3 
optocouplers has been designed 
to meet safety requirements 
worldwide. These optocouplers 
feature a "widebody" package to 
ensure conformance to stringent 
creepage and clearance 
requirements. 


The HCPL-7100/01 uses an 
optimized light coupling system 
to achieve outstanding 
speed 
perfonnance 
with very low 
power consumption. 


Common mode noise rejection 
has been improved on several of 
our optocouplers. Enhanced 
perfonnance 
up to 15 kV/~s and 
a Vcm of 1500 volts are 
available. 


In addition to the HSSR-8200, 
Hewlett-Packard 
offers two new 
miniature 
solid-state relays 
featuring withstand voltages of 
400 V and 60 V. These relays 
offer the reliability and long life 
required in instrumentation, 
telecommunication, 
and indus- 
trial control applications. They 
can replace electromechanical 
relays now used in signal and 
low power switching 
applications. 


Furthermore, 
with Hewlett- 
Packard's 
solid-state relays you 
get lower power dissipation. For 
example, the HSSR-8200 
features an output with very 
low leakage current, offset 
voltage, and capacitance which 
pennits the design of 
multiplexers 
that require 
greater measurement 
accuracy. 


Hewlett-Packard 
also offers 
optocoupler solutions to drive 
power transistors 
used in motor 
control inverter applications. 
The HCPL-3000 
drives power 
bipolar transistors 
and the 
HCPL-3100/01 
drives power 
MOSFETIIGBT transistors. 


New this year is the HCPL-7800 
- a high CMR isolation ampli- 
fier. This 8 pin DIP product 
paves the way for a smaller, 
lighter, easier to produce, high 
noise rejection, low cost solution 
to motor current sensing. 


A Selection Flowchart has been 
added immediately following 
this introduction 
to facilitate 
selection of the correct opto- 
coupler or solid state relay for 
your application. 


Product Safety 
Regulations and 
Optocouplers 
Optocouplers are frequently 
used to optically connect a 
signal line to a circuit in 
electrical equipment. Besides 
providing signal isolation, 
optocouplers are often used to 
provide high voltage insulation. 
This is done by preventing 
voltage transients 
on a signal 
line from affecting the 
equipment, and by protecting 


the user/operator 
from high 
voltage which may be present 
inside the equipment. 


It would be ideal for the design 
engineer to first determine the 
working voltage at the circuit 
location where the optocoupler 
is to be used. After determining 
the working voltage, the 
designer asks which optocoup- 
lers can meet the creepage, 
clearance, CTI (comparative 
tracking index), material group, 
dielectric withstand 
voltage, 
pollution degree, etc. to provide 
insulation for safety compliance. 
Based on these known 


Because optocouplers perform 
this safety function, they are 
regulated by many country 
safety agencies, both at the 
component level and the 
equipment level. Table I lists 
the detailed regulations 
associated with each country 
approval. 


Comparative 
Tracking Index (CTI) 


Dielectric 
Voltage - Withstand 


parameters, 
the designer 


chooses an optocoupler to fit the 
need based on tables found in 
equipment 
specifications. 


Our current data sheets should 
provide sufficient information to 
determine the suitability 
of 
Hewlett-Packard 
optocouplers 
for your applications. 
Our 


engineers are also available to 
assist you in determining 
which 
optocoupler best fits your need. 


The shortest distance in air between two conductive parts (input metal and 
output metal), measured through air. 


The shortest distance measured along the surface of an insulating 
between 
two conductive parts (from input metal output metal). 


This is a test designed to compare the performance of various insulating 
materials 
in the presence of aqueous contaminants. 
The higher the CTI, the 
more resistant 
the material is to electrical arc tracking. CTI is often used 
with creepage by safety agencies to determine working voltage . 


Capability of a device to withstand 
without breakdown for 60 seconds, a 


potential equal to the dielectric insulation voltage applied between the 
input and output leads of an optocoupler. 


Material Group is based on CTI and is used in conjunction with Pollution 
Degree, Creepage Distance and Working Voltage tables in some equipment 
specifications (e.g. IEC 950, IEC 664): 


Material Group I 
Material Group II 
Material Group Ilia 
Material Group Illb 


600 ~ CTI 
400~ CTI 
175 ~ CTI < 600 
100 ~ CTI < 175 


Pollution Degree comes from the end-use application and corresponds to the 
conductivity of dust, dirt, water, etc. to which an optocoupler may be exposed. 
A higher pollution degree indicates a "dirtier" environment. 


In general, Working Voltage is the maximum continuous voltage which may 
be applied to the insulation 
of an optocoupler under normal operating 


conditions. Working Voltage is not the same as the one minute Dielectric 
Withstand-Voltage 
safety test. Working Voltage is determined by numerous 
factors such as creepage, clearance, mains voltage, application, pollution 
degree, CTI, etc. 


• 


Optocouplers for Safe 
Electrical Separation 
perVDE0884 
Optocouplers 
providing 
safe 
electrical 
separation 
per VDE 
0884 do so only within the 
safety-limiting 
values to which 
they are qualified. 
Protective 
cut-out switches 
must be used 
to ensure 
that the safety limits 
are not exceeded. 


Partial 
discharge 
measurements 
per VDE 0884 are a technique 


to evaluate 
the insulation 
integ- 
rity of optocouplers. 
VDE's 
philosophy 
is that partial 
discharge 
testing 
replaces 
the 
common dielectric 
voltage 
withstand 
test, because any 
dielectric voltage test may 
predamage 
the insulation 
of an 
optocoupler. 
The profiles below 
describe the partial 
discharge 
test for type and sampling 
(Procedure 
A) and for 100% 
production 
(Procedure 
B) 
testing: 


PROCEDURE 
A: 


(FOR TYPE AND SAMPUNG 
TESTS, DESTRUCTIVE 
TESTS) 


1,,12 
= 1 to 10, 


t), 14 
= 1 S 


tp (MEASURING 
TIME 
FOR 
PARTIAL 
DISCHARGE) 
= 60 • 


Ib 
=62s 
Ilnl 
= 10, 


PROCEDURE 
8: 


(FOR 100 '" 
PRODUCTION 
TESTING) 


13,14 
=0.1. 


tP~~~A;~:;~:L 
TIME 


DISCHARGE) 
= 1 • 


Ib 
= 1.2 s 


tp---l rt.' 


t.~ 


}PR 


J 


, 


1_,,_1..._-_-_-_-_-_-_-::---- 
....1,+- 


Determining VINITIAL 
VIN1TlALis the maximum 
transient 
overvoltage 
occurring 
in the mains voltage of 
equipment 
associated 
with a 
specific service (or application) 
class. VIN1TlALalso equals VTR. 
Application 
classes are defined 
on the following page. 


Table I shows the Preferred 
Insulation 
Test Voltages for 
Service Classes. The Mains 
Voltage and Service (also 
referred 
to as Application) 
Class 


desired 
determine 
the required 


VINITIALvoltages for Procedures 
A and B. For example, 
if the 
mains voltage is 300 V and the 
Application 
Class is III, VIN1TIAL 


is 4,000 V peak (2828 Vrms). 
VPRis derived from 1.2 X VIORM 
for Procedure 
A and 1.6 X VIORM 


for Procedure 
B. 


Term 


VINITIAL 


t (ini) 


tl> t.l. t:J.t4 


PasslFail 
Criteria 


Definition 


Maximum 
test voltage for the partial 
discharge 
test. It is also the maximum 
transient 


overvoltage 
occurring in a rated mains voltage and service class. See Table II for 


preferred 
values for insulation 
test voltages. At this initial voltage, partial 
discharge 
(but no breakdown) 
may occur. VINITIALalso equals VTR(transient 
overvoltage) 
which is 
listed in the applicable 
VDE safety data sections of this catalog. 


Test voltage applied to the device to verify its isolation 
capacity. VPR= 1.2 X VIORM for 


Procedure 
A and 1.6 X VIORM for Procedure 
B. (Per VDE 0884/08.87) 


Insulation 
voltage - this the maximum 
continuous 
permitted 
voltage which may be 
applied to the optocoupler. 
This value is specified by VDE in the safety data sections of 


this catalog. 


Test time for partial 
discharge 
and equals 60 seconds for Procedure 
A, 1 second for 


Procedure 
B. 


Time beginning 
at VINITIALtest voltage and equals 
10 seconds. 


Test voltage initialization 
times. 


No leakage failures 
and no unit to have more than 5 pC Partial 
Discharge 
during the 


partial 
discharge 
test time tp• 


Rated Mains 
Preferred 
Insulation 
Test voltages for Service Class 
(VINITIAIJ 
Voltages up to 
and including 
I 
II 
III 
IV 
Vrms orVdc 
PEAK 
RMS 
PEAK 
RMS 
PEAK 
RMS 
PEAK 
RMS 
(VAC) 
(VAC) 
(VAC) 
(VAC) 


50 
330 
233 
500 
353 
800 
565 
1500 
1060 
100 
500 
353 
800 
565 
1500 
1060 
2500 
1767 


150 
800 
656 
1500 
1060 
2500 
1767 
4000 
2828 
300 
1500 
1060 
2500 
1767 
4000 
2828 
6000 
4242 


600 
2500 
1767 
4000 
2828 
6000 
4242 
8000 
5656 
1000 
4000 
2828 
6000 
4242 
8000 
5656 
12000 
8484 • 


Optocoupler and Solid State 
Relay Selection Flowchart 


1H13M 
HCPl·2200 
HCPl.·2231 
HCPl·273QI1 
4H4H 
HCPl.·220112 
HCPI.·273Oi1 
'HI3M 
4HC'" 


• 


High-Speed Logic Gate Optocouplers 


Withstand 


Tast 


Typical 
Guaran- 
Specified 
Voltagll 


Data Rate 
teed 
Input 
Regulatory 
Page 


Device 
Description 
Appllcetlon 
INRZJ 
CMR 
Current 
Approval 
No. 


HCPL·2200 
3 State Output Low 
High Speed Logic 
5MBd 
1000 VlIl5@ 
1.6mA 
2500Vact 
6-20 


~~ 


Input Current 
Ground Isolation, 
VCM= fJJ V 
1 min. 
ANODE 2 t 
7 VOUT 
Optically Coupled 
LSm,m,CMOS 
U115n 
CATHODE3' 
W, 
HCPL·2219 
Logic Gate 
Logic Interface 
2500 VlIl5@ 
CSA 
4 
5 SMO 
Vcc-2O 
V Max. 
VCM- 400 V 


HCPL·2201 
Low Input Current 
1000 VlIl5@ 
6-25 


ANODE 
v, 
Optically Coupled 
VCM= fJJ V 
Logic Gate 


CATHODE 
HCPL·2211 
Vcc - 20 V Max. 
10,OOOVlIl5@ 
VCM-1000 
V 


HCPL·2202 
Molor Controls, 
1000V/Il5@ 
Switch-mode Power 
VCM=fJJV 


ANODE 
v, 
Supplies, 


CATHOOE 
HCPL·2212 
Electrically Noisy 
10,OOOVlIl5@ 
Environments 
VcM-1000V 


HCPL-2231 
Dual Channel Low 
High Speed Logic 
5MBd 
1000V/Il5@ 
1.8mA 
2500Vact 
6-31 


v" 
Input Current 
Ground Isolation, 
VCM- fJJ V 
1 min. 


Optically Coupled 
Lsm, 
m, 
CMOS 
U115n 


Logic Gate 
Logic Interface 
CSA 


AIfDOEt 
4 
SGND 
VCC- 20 V Max. 


HCPL·2232 
Molor Controls, 
10 KViIlS@ 
Switch-mode Power 
~-1000V 
Supplies, 
Electrically Noisy 
Environments 


Small Outline High-Speed Logic Gate Optocouplers 


Withstand 
Test 


Typical 
Guaran- 
Specified 
Voltagll 


Data Rate 
teed 
Input 
RegUlatory 
Page 


Device 
Description 
Appllcetlon 
INRZJ 
CMR 
Current 
Approval 
No. 


~eW 
HCPL~1 
Very High CMR 
High Speed Logic 
5MBd 
1000 VlIl5@ 
1.6 mA 
2500 Vact 
6-36 
~Ea" 


Wide Vcc Logic Gate 
Ground Isolation, 
VCM- fJJ V 
1 min. 


ANODE 
• 
-Y 
• Vo 
Vcc - 20 V Max. 
Molor Controls, 
U115n 


CATHODE 
l 
' 
• He 
HCPL-0211 
Sw~ch-mode Power 
10,000V/Il5 


He. 
"GND 
Supplies 
@VCM- 
~e~ 
1000 V 
r 


WIthstand 
Test 


Typical 
Guaran- 
Specified 
VoItag81 


Data Rata 
taed 
Input 
Regulatory 
Paga 


Device 
DescrlpUon 
AppllcaUon 
[NRZ) 
CMR 
Current 
Approval 
No. 


- 
HCPL-2300 
Very Low Input 
High Speed, Long 
8MBd 
100 Vlj!S@ 
0.5mA 
2500 Vat;! 
6-42 


[j 
c:lIDvcc 
Current, High Speed 
Distance Line 
Vcu - 5()V 
1 min. 


ANODE~ :1',' 
~ R, 
Optocoupler 
Receiver, Computer 
UL15n 


CATHODE~ 
:\~lIDVOUT 
Peripherallnler1aces, 
CSA 
B 
~IIDGNO 
CMOS Logic 
- 
Inler1ace 


HCPL-2400 
20 MBaud, High 
Very High Speed 
40MBd 
1OOOV/j!S@ 
4.0mA 
2500 Vat;! 
6-49 


~ 
.• 


Common Mode 
Logic Isolation, 
Vcu- 
5() V 
1 min. 


ANODE 
// 
7 ve 
Rejection, Optically 
1.0 and Parallel-to- 
UL1Sn 
CATHODE 3 
Vo 


4 
5 GNU 
Coupled Logic Gale 
Serial Conversion 
CSA 


3 Slate Output 
HCPL-2411 
Molor Controls, 
1000 V/j!S@ 
Sw~ch-mode Power 
Vcu-300 
V 
Supplies, 
Electrically Noisy 
Environments 


HCPL-2430 
Dual Channel, 
Very High Speed 
40MBd 
1000 Vlj!S@ 
4.0mA 
2500 Vat;! 
6-59 
..."~~ 
20MBd High 
Logic Isolation, 
Vcu - 5() V 
1 min. 


CATHODE! 
': 
7 
VOl 
Common Mode 
1.0 and ParaileHo- 
UL15n 


CATHODb 
J 
'; 
I 
V02 
Rejection 
Serial Conversion 
CSA 
ANODEl 
• 
~ 
GNU 


6N137 
Optically~ 
Line Receiver, High 
10MBd 
10 K Vlj!S 
5.0mA 
2500 Vat;! 
6-66 
Er 


Logic Gale 
Speed Ground 
Vcu-10V 
1 min. 


ANODE 
2 
7 V( 
Isolation 
(Typical) 
5()()()VacI 
CATHODE 
3 
,.... 
6 
VOUT 
1 min. 


4 
5 GNO 
(Option 
020) 
UL1Sn 
CSA 


[j 
!lvcc 
HCPL-2601 
High Common Mode 
High Speed Logic 
10MBd 
5()()()Vlj!S@ 
5.0mA 
2500 Vat;! 


ANODEIIR. ,~ 
Ilv, 
Rejection, Optically 
Ground Isolation 
Vcu-5() 
V 
1 min. 


CATHOOE~P-~'l....rl 
IDVOOT 
Coupled Logic Gale 
5()()()Vat;! 


[! 
~~GND 
HCPL-2611 
Molor Controls, 
10 K Vlj!S@ 
1 min. 
~ 
Sw~ch-mode Power 
Vcu-1oooV 
(Option 


Supplies, 
020) 


Electrically Noisy 
UL1Sn 


Environments 
CSA 
• 


Withstand 
Test 
Typical 
Guaran- 
Specified 
Voitagel 
Data Rate 
teed 
Input 
Regulatol"j 
Page 


Device 
Descrlption 
Application 
[NRZ) 
CMR 
Current 
Approval 
No. 


I. 
CMOSITTL 
High Speed logic 
10MBd 
5OOOV//-Ls@ 
2.0mA 
2500 Vael 
6-75 
t-lej HCPl·7601 
CompatiJle, low 
Ground Isolation 
VCM~5OV 
1 min. 


IT 
IIDVct .I. 
Input Current, 
3750 Vael 


AHODE{! :J~~ 
~ t-le",HCPl.7611 
HighCMR 
Molor Controls, 
1 min. 


CATHODE~ 
tIDVOiJI 
logic Gale 
Sw~ch-mode Power 
10KV/J.!S@ 
Ul1577 


@ 
~ 
IIDGND 
Supplies, 
VCM=1000 V 
CSA 
Electrically Noisy 
VDE 
Environments 
(Pending) 
Programmable 
logic Controllers 
iif 


HCPl·2602 
Optically Coupled 
Replace Conven- 
10MBd 
1000V//-Ls@ 
5.0mA 
2500 Vael 
6-86 


+IH 2 
~ 
7 
\IE 
line Receiver 
tionalline 
VcM=5OV 
1 min. 


-IN 
6 \lOUT 
Receivers 
Ul1577 


4 
5 GND 
CSA 
HCPl·2612 
Electrically Noisy 
35OOV//-Ls@ 
Environments 
VCM~300V 


- 
HCPl-2630 
Dual Channel 
line Receiver, High 
10MBd 
10 KV/J.!S 
5.0mA 
2500 Vael 
6-96 


ANDDEI[jl~ 
~Vct 
Optically Coupled 
Speed logic 
VcM=10V 
1 min. 


CATHODE,11 
'"t>- 
11v" 
Gate 
Ground Isolation 
(Typical) 
5000 Vael 


CATHODE,~ J~ 
t>- 
§Iv" 
1 min. 


ANODEd~ 
~ 
GND 
(Option 
020) 


(Pending) 
Ul1577 
CSA 


~ 
HCPl-2631 
Dual Channel, 
High Speed 
10MBd 
5OOOV//-Ls@ 
5.0mA 
2500 Vael 


ANODE,[j~j 
IDvct 
High Common Mode 
Logie Ground 
VcM=5OV 
1 min. 


CATHODE 
1 [1 
i.... 
[>- IJ VOl 
Rejection, Optically 
Isolation 
5000 Vael 


CATHDDE'~~ft>- 
§Iv" 
Coupled logic Gate 
1 min. 


ANODE, @ 
~ 
ID GND 
HCPl-4661 
Motor Controls, 
10KV/J.!S@ 
(Option 
Sw~ch-mode Power 
VCM= 1000 V 
020) 
Supplies, 
(Pending) 


Electrically Noisy 
Ul1577 
Environments 
CSA 


Withstand 


Test 


Typical 
Guaran- 
Specified 
VoItag81 


Data Rate 
teed 
Input 
Regulatory 
Page 


Device 
DescrtpUon 
AppllcaUon 
(NRZ) 
CMR 
CUrrent 
Approval 
No. 


HCPL-0600 
Small Outline 
Line Receiver, High 
10MBd 
10 K V/fJS@ 
5.0mA 
2500Vad 
6-104 


Ef 


Optically Coupled 
Speed Ground 
VCM-10V 
1 min. 


ANODE 2 
7 V, 
Logic Gale 
Isolation 
(Typical) 
UL1577 


CATHOOE 3....... 
6 
VOUT 


4 
5 GND 


HCPL-0601 
Small Outline 
High Speed Logic 
5000 VIfJS@ 
o 
~v" 
HighCMR, 
Ground Isolation' 
VCM- 
50 V 


ANODE!? J~O:;:~VI 
Optically Coupled 


CATHODE 
~ 
~ 
~ 
VOUT 
HCPL-0611 
Logic Gate 
Motor Controls, 
10 KV/fJS@ 


~ 
~~GND 
Sw~ch-mode Power 
VCM-1000V 
- 
Supplies, 
Electrically Noisy 
Environments 


Withstand 


Test 


Typical 
Current 
Specified 
Voltag81 
. 
Data Rate 
Transfer 
Input 
RegUlatory 
Page 
Device 
Description 
AppllcaUon 
[NRZ) 
Rallo 
CUrrent 
Approval 
No. 


6N135 
Transistor Output 
Line Receiver, 
1 MBd 
7% Min. 
16mA 
2500Vad 
6-113 


[j¥~~V" 


Analog Circu~, 
1 min. 


""OOE[1 
/,.. 
~V8 
6N136 
TTLICMOS, 
19% Min. 
5000Vad 


TTlA.Sm 
Ground 
1 min. 
CATHDDE~ 
~vo 
HCPL-4502 
Pin 7 Not 
Isolation 
(Option 
I! 
~GND 
- 
Connected 
020) 


UL1577 


HCPL-4503 
Pin 7 Not 
Electrically Noisy 
CSA 


Conneded, 
Very 
Environments 
NeW HCPL-4504' 
High CMR 
Motor Controls 
33% Typ. 
Inverter Circu~s 


HCPL·2502 
15-22% 


HCPL·2530 
Dual Channel 
Line Receiver, 
1 MBd 
7% Min. 
16mA 
2500Vad 
6-120 
·..·'m'" 


Transistor Output 
Analog Circu~, 
1 min. 


CATHODE, 2. 
; 
7 V" 
TTLICMOS, 
5000Vad 


CATHODb 
3 
~ 
6 VOl 
HCPL-2531 
TTlA.Sm 
Ground 
19% Min. 
1 min. 


"NOOh 
4 
5 GNU 
Isolation 
(Option 


HCPL-4534 
Very High CMR 
020) 


(Pending) 
UL1577 
CSA 


• 


Withstand 
Test 
Typical 
Current 
Specified 
Voltage! 


Data Rate 
Transfer 
Input 
egulatory 
Page 
Device 
Description 
Application 
[NRZ) 
Ratio 
Current 
Approval 
No. 


HCPL.QS()() 
Small Outline 
Line Receiver, 
1 MBd 
7% Min. 
16mA 
2500Vad 
6-126 


Transistor Output 
Analog Circuits, 
1 min. 
HCPL~l 
TTLCMOS, 
19% Min. 
UL1577 
TTLA.Sm 
Ground 
HCPL-{)452 
Pin 7 No! 
Isolation 
Connected 


HCPL-{)453 
Small Outline 


Uhra High CMR 
Transistor Output 
(Pin 7 Not 
Connected) 


Motor Controls, 
Swhch-mode Power 
Supplies, 
Electrically Noisy 
Environments 


Withstand 


Typical 
Current 
Specified 
Voltage! 


Data Rate 
Transfer 
Input 
RegUlatory 
Page 
Description 
Application 
[NRZ) 
Rallo 
Current 
Approval 
No. 


Transistor Output 
High Vohage 
1 MBd 
7% Min. 
16mA 
5000Vad 
6-133 


Widebody 
Insulation 
1 min. 


(41 phch) Package 
UL1577 
Line Receiver 
19% Min. 
VDE0884, 
B5415, 


Feedback Element 
6301, 
in Swhch-mode 
7002, 


Power Supplies 
SETI 


NEMKO 
Pin 7 Not Connected 
Motor Control 
DEMKO 
Inverter Circu~s 
SEMKO 
Pin 7 Not Connected, 
Very High CMR 


Withstand 
Test 


Typical 
Current 
Specified 
Voltagel 


Data Rate 
Transfer 
Input 
Regulatory 
Page 


Device 
DescrlpUon 
AppllcaUon 
[NRZ] 
RaUo 
Current 
Approval 
No. 


6N138 
Low Saturation 
Line Receiver, Low 
100KBd 
300% Min. 
1.6mA 
2500VaeI 
6-140 
~." 


Vo.age, 
Current Ground 
1 min. 


"MOOE 
7' 
7 v. 
High Gain Output, 
lsolalion, TIUTTL, 
5000 Vael 


CATHODE 
vo 
Vet::- 7 V Max. 
LSTIUTTL, 
1 min. 


4 
5 DND 
CMOSfTTL 
(Option 


020) 
6N139 
Low Saturation 
Line Receiver, Uhra 
400% Min. 
O.5mA 
UL15n 


Volage, 
Low Current Ground 
CSA 


High Gain Output, 
Isolation, CMOSI 


Vet::-18VMax. 
LSTIL, CMOSITIL, 
CMOSICMOS 


HCPL-2730 
Dual Channel. 
Line Receiver, 
100KBd 
300% Min. 
1.6mA 
2500 Vael 
6-145 
...,~." 


High Gain, 
Polarity Sensing, 
1 min. 


CATHODE, 
2 
" 
7 VOl 
Vet::- 7 V Max. 
Low Current 
5000 Vael 


CATHOOEl3,,, 
6 Val 
Ground Isolation 
1 min. 


A"DOh 
4 
S GND HCPL-2731 
Dual Channel, 
400% Min. 
O.5mA 
(Option 020 


High Gain, 
(Pending) 


Vet::-18VMax. 
UL15n 


CSA 


4N45 
Dar6ngton Output 
AC Isolation, 
3KBd 
2500/0Min. 
1.0mA 
2500 Vael 
6-150 


ANODE~V' 
Vet::= 7 V Max. 
Relay-Logic 
1 min. 


CATHODE 
2 
" 
5 vo 
Isolation 


3 
4 DND 
4N46 
Dar6ngton Output, 
3500/0Min. 
O.5mA 
UL15n 


Vet::=20VMax. 
• 


Withstand 
Test 
Typical 
Current 
Speclfled 
Voltage! 


Data Rate 
Transfer 
Input 
Regulatol') 
Page 


Device 
Description 
Application 
[NRZ) 
Ratio 
Current 
Approval 
No. 


HCPl-0700 
Small Outline low 
Line Receiver, low 
100 KBd 
300% Min. 
1.6mA 
2500 Vael 
6-155 


~~ 


Saturation Vohage, 
Current Ground 
1 min. 


ANODE 
., 
7 
VB 
High Gain Output, 
Isolation, TIlITTl, 
Ul1577 


CATHODE 
Vo 
Va; = 7 V Max. 
lSTIlITTl, 
4 
HMO 
CMOsrm 


HCPl-0701 
Small Outline low 
Line Receiver, Uhra 
400% Min. 
O.5mA 
Saturation Vohage, 
low Current Ground 
High Gain Output, 
Isolation, 
Va; = 18VMax. 
CMOSILSTTl, 
CMOsrm, 
CMOs/CMOS 


WIthstand 
Test 
Typical 
Current 
Speclfled 
Voltage! 
Data Rate 
Transfer 
Input 
RegUlatory 
Page 
Device 
Description 
Application 
[NRZ) 
Ratio 
Current 
Approval 
No. 


CNW138 
low Saturation 
Line Receiver, low 
100 KBd 
300% Min. 
1.6mA 
5000 Vael 
6-161 
~,. 


Volage, 
Current Ground 
1 min. 


•• ODE 
., 
7 VI 
High Gain Output, 
Isolation, TIlITTl, 
U11577 


CATHODE 
VO 
Va; = 7 V Max. 
lSTIlITTl, 
VDE0884 


4 
5 SMO 
Widebody (4e 
CMOSITTL 
B8415, 


p~ch) Package 
6301, 
7002, 
CNW139 
low Saturation 
Line Receiver, Uhra 
400% Min. 
O.5mA 
SETI 
Volage, 
low Current Ground 
NEMKO 
High Gain Output, 
Isolation, TIlITTl, 
DEMKO 
Va; = 18VMax. 
lSTIlITTl, 
SEMKO 
Widebody (4e 
CMOsrm 
pitch) Package 


Total 
Withstand 


Typical 
Guaran- 
Power 
Voltage{ 


Data Rate 
teed 
Supply 
Regulatol"l 
Page 


Device 
Description 
Application 
[NRZ] 
CMR 
Current 
Approval 
No. 


HCPL-7100 
High-Speed, 
Computer- 
15MBd 
1000 Vlms 
lamA 
3750Vad 
6-168 


"m1'~ 


Low Power 
Peripheral Interlace 
@ 
(Typical) 
1 min. 


Vl2 
,~ 
7 Vol: 
3 Stale Output 
Dignallsolation for 
SOVVCM 
UL 1577 


NCJ 
~ 
6~ 
AID,D/A 
VDE0884 


GHG14 
5GNDl 
CMOSIC 
Converters, 


Technology 
Motor Control, 
Power Inverter, 
+5 V Compalibilny 
CMOSandTIL 
Logic 


Total 
Withstand 


Typical 
Guaran- 
Power 
Voltage! 


Data Rate 
teed 
Supply 
RegUlatory 
Page 


Device 
Description 
Application 
[NRZ] 
CMR 
Current 
Approval 
No. 


HCPL-7101 
High-Speed, 
Computer- 
65 MBd 
2000V/ms 
lamA 
3750Vad 
6-168 


~'~~ 


Low Power 
Peripheral Interlace 
@ 
(Typical) 
1 min. 


Vil' 
7 WoE 
3 State Output 
Dignallsolation for 
200 V VCM 
UL1577 


HC3 
SlID 
AID,D/A 
VDE0884 


GND14 
5GNlIZ 
CMOSIC 
Converters, 
Technology 
Motor Control, 
Power Inverter, 
+5 V Compalibilny 
CMOS and TIL 
Logic 


Typical 
Band· 
width 


Withstand 
Test 


Dlfferen- 
Voltage! 


tial 
RegUlatory 
Page 


Gain 
Linearity 
Approval 
No. 


±1% 
0.25% 
2500 Vael 
6-180 


1 min. 


5000 Vael 
1 min. 


(Option 020 
UL1577 
CSA 


HCPL-4562 
Wideband Analogi 
Video Optocoupler 


Video Isolation, 
17 MHz 
Feedback Element in 
Switch-mode Power 
Supplies 


• 


Withstand 
Test 
Typical 
Dlfferen- 
Voltage.' 
. 
Band- 
tial 
Regulatory 
Page 


Devlca 
Descrtption 
Application 
width 
Gain 
Uneartty 
Approval 
No. 


Ne~ 
CNW4562 
WK!eband Analogi 
Video lsoialion, 
9.0 MHz 
±O.9% 
0.15% 
5000 Vael 
6-186 
"Em'" 


Video Optocoupler 
Feedback Element 
1 min. 


ANODE 2 
/, 
7 
Va 
in Sw~ch·mode 
UL1577 


CATHODE 
3 
6 
Va 
Power Supplies 
VDE0884 


Ne 
4 
5 
GNO 
88415. 
6301,7002 


SETI 
NEMKO 
DEMKO 
SEMKO 


Withstand 


Test 
Operating 
Input 
Voltage.' 


Fr. 
Threshold 
Output 
Regulatory 
Page 


Devlca 
Descrtption 
Application 
quency 
Current 
Current 
Approval 
No. 


HCPL·3700 
ACIDC to Logic 
Lim~ Sw~ch Sensing, 
4KHz 
2.5mATW 
4.2mA 
2500VacI 
6-195 


'~" 


Threshold Sensing 
LowVohage 
1.3mA TH- 
1 min. 


2 
0 
7 
Interface Optocoupler 
Detector, Relay 
UL1577 


3 
6 
Contact Mon~or 
CSA 


4 
5 
HCPL-3760 
Low Input Current 
1.2mATW 
0.6mA TH' 


Withstand 


Test 


Typical 
Input 
Output 
Voltage.' 


Data 
Charae- 
Charse- 
Regulatory 
Page 


Device 
Descrtption 
Application 
Rates 
terlstics 
terlstics 
Approval 
No. 


'~" 


HCPL-4100 
Optically Coupled 
Isolated 20 mA 
20 kBd 
TIUCMOS 
27 V Max. 
2500Vad 
6-205 


2 
: 
7 
20 mA Current Loop 
Current Loop in: 
(at 400 
Cornplj.. 
1 min. 


3 
: 
6 
Transmitter 
• Computer 
metres) 
ance 
UL1577 


4 
' 
5 
Peripherals 
Vohage 
CSA 


• Industrial Control 
HCPL-4200 
Optically Coupled 
Equpment 
6.5mA 
3 State 
2500VaeI 
6-213 


'~" 


20 mA Current Loop 
• Data Communica· 
Typ. 
Output 
1 min. 


2 
D 
i 
7 
Receiver 
tion Equipment 
Threshold 
UL1577 


3 
~ 
6 


4 
: 
5 
Current 
CSA 


Guaran- 
Wllllslancl 
l8ecI 
Test 


IsolaUon 
Vollagel 


Offset 
Gain 
Mode 
Regulato'l 
Page 


Device 
Description 
AppllcaUon 
Drift 
Tolerance 
ReJecUon 
Approval 
No. 


~ew 
HCPL-7800 
HighCMR 
Motor Phase 
-2.1IlVfOC 
±5%Mean 
10 K VIlIS 
3750Vad 
6-221 
,•.~~, 
.. 


lsolalion 
Current Sensing 
Gain Value 
@Vcr.t- 
1 min. 


Amplifier 
General Purpose 
-8.00 
1000 V 
UL1577 
2'" 
r 
'0 
7 
VIN. 
• 
:k . 
VOUT• 
~eV1 
Industrial Current 
CSA 
V' 
' 
• 
HCPL-7800A 
Sensing 
±1%Mean 
VDE0884 
IN- 
. 
:. 
Your. 
Gain Value 


• 
' 
5 
-7.93 
GNOl 
/ 
CN02 


CMR 
SHIF.LD 
~e't1 
I HCPL-7800B 
±10/0Mean 
Gain Value 
-8.07 


Wllllslancl 


Test 


Prop •• 
Vollagel 


Output 
Guaranteed 
gaUon 
RegUlatory 
Page 


Devlca 
Description 
AppllcaUon 
Current 
CMR 
Delay 
Approval 
No. 
~ew 


HCPL-3000 
High 0u1put 
ACIDC Molor Drive 
102 
1.5 K V/i!S 
2 lIS 
SOOOVad 
6-237 
-~'" 


Current, Wide 
Uninterruptible 
2APeak 
@Vcr.t= 
1 min. 


CATHODE. 
~ 
, 
GND 
Va; Range 
Power Supply 
0.6A 
600 V 
UL1577 


0' 
(5.4 -18 Volts) 
Continuous 
J 
• 
V02 


• 
, 
VOl 
lsolaled Power 
Bpolar Driver 
101 
1 A Peak 
0.5A 
Continuous 
• 


Withstand 
Test 
Prop. 
Vollagei 
Output 
Guaranteed 
gaUon 
Regulatory 
Page 


Device 
Description 
AppllcaUon 
Current 
CMR 
Delay 
Approval 
No. 


NeW HCPL-31oo 
HighOutpul 
ACIOC Motor Drives 
101and 
1.5K ViPS 
11lS 
5000Vad 
&-245 
._~~ 


Current. Wide 
Uninterrupli>le 
102 
@VCIoI- 
1 min. 


CATHODE 
f 
-+ 
1 
GND 
VccRange 
Power Supplies 
0.4A Peak, 
600 V 
UL1577 


o. 
(15 - 30 Vohs) 
0.1 A 
I 
, 
V02 


• 
, 
VOl 
lsolaled Power 
Continuous 
MOSFETIIGBT 
Driver 


NeWHCPL-3101 
0.31lS 


~ 
.. 
ANODE 
, 
1 
GND 
, 
~ 
- 
CATHODE 
~ 
, 
' 
V02 


• 
, 
VOl 


OpUon 
DescrtpUon 
. 


Eligible Optocouplers 
& Solid Slata Relays 
Page No. 


001 
Commercial Bum-in 
A.l.G 
mm (300 mil) wide plastic products. Contact Iadory lor availabi~y. 


002 
100% Screening Program 
A.l.G 
mm (300 mil) wide plastic products. Contact ladory lor availabil~y. 


020 
5000 Vacl1 min. UL Rating 
See Note 1 for list of part numbers. 
&-255 


300 
Gull Wing Surface Mount 
Available on most plastic and hermetic products. Contact factory lor lis! of 
&-257 
part numbers. 


500 
Tape and Reel Packaging 
Available on most plastic gull wing and small outline surtace mount products. 
&-260 
Conted factory for list of part numbers. 


Not": 
1. Option 020 is available 1or6N135, 6N136. 6N137, 6N138. 6N139, HCPL-2502, HCPL-2601 , HCPL-2611 , HCPl-4502. 
HCPl-4503 
and HCPl-4562. 


2. DESC pert numbels cannot be Ofdered with Option 200; instead use pert numberdesignatOf 
-A-lor 
solder dipped leads. 


Output 
Maximum 
TypIcal 
Typical 


WIthstand 
Load 
Output On- 
output 
Off· 


Voltage 
Current 
Resistance 
Leakage 
Page 


Device 
Application 
@25°C 
@25°C 
@25°C 
@25°C 
No. 


'N HSSR·8060 
24 V addc, 48 Vdc Load Switching; 
60V 
0.7511.5' 
0.40 
0.1 nA 
6-265 
:~: 


Programmable Controller Output Module; 
Amp 
(Yo a 60 V) 


Small Signal Sw~ching; Reed Relay 
Replacement; and Industrial Relay Coil 
Driver 


HSSR·8200 
Small Signal Sw~ching; Dala Acquis~ion; 
200 V 
40mA 
1250 
0.02 nA 
6-275 
.~: 


Analog Signal Mu~iplexing; Test & 
(Yo a 200 V) 


Measurement; Reed Relay Replacements 


'N HSSR·8400 
Pulse Oiating & Off-Hook Delec:tion Telecom 
400 V 
1501300' 
60 
0.6nA 
6-283 
:~: 


Circu~; Reed Relay Replacement; 
mA 
(Yo a 400 V) 


Small Signal SwUching; 1101220Vac 
Load Driver; Industrial Relay Coil Driver 


'For applications 
that switch only de signal and power, the HSSR-8060 
and HSSR-8400 
outputs pins can be connected 
in a special manner III significanUy reduce the 
output on-resistance, 
and increase the output current rating. Refer III Connections 
A and B in the HSSR-8060 
and HSSR-8400 
technical data sheels. • 


Flin- HEWLETT 
~~ 
PACKARD 


LOW INPUT CURRENT 
LOGIC GATE 
OPTOCOUPLER 


HCPl-2200 
HCPl-2219 


I 


+J~ 
: 
2 
I 


VF 
I' 


- 
I 


3 
I 
I 


LED 
ENABLE 
OUTPUT 


ON 
H 
2 
OFF 
H 
2 
ON 
L 
H 


OFF 
L 
L 


Features 


• 
VERY HIGH COMMON 
MODE REJECTION 


2.5 KVI/J.sAT 400 V VCM GUARANTEED 
(HCPL-2219) 


• 
COMPATIBLE 
WITH LSTTL, TTL, AND CMOS 


LOGIC 


• 
WIDE Vcc RANGE (4.5 TO 20 VOLTS) 
• 
2.5 MBAUD 
GUARANTEED 
OVER 
TEMPERATURE 
• 
LOW INPUT CURRENT 
(1.6 mA) 


• 
THREE STATE OUTPUT 
(NO PULLUP 
RESISTOR 
REQUIRED) 
• 
GUARANTEED 
PERFORMANCE 
FROM 0° C 


TO +85°C 


• 
INTERNAL 
SHIELD FOR HIGH COMMON 
MODE REJECTION 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


• 
CSA APPROVED 
• 
MIL-STD-1772 
VERSION AVAILABLE 
(HCPL-5200/1 ) 


Applications 


• 
Isolation 
of High Speed Logic Systems 
• 
Computer-Peripheral 
Interlaces 
• 
Microprocessor 
System Interfaces 
• 
Ground 
Loop Elimination 
• 
Pulse Transformer 
Replacement 
• 
Isolated Buss Driver 
• 
High Speed Line Receiver 
Description 


The HCPL-2200 
is an optically 
coupled 
logic gate that com- 


bines 
a GaAsP 
LED and 
an integrated 
high 
gain 
photon 


T 


6.10 (.2-401 
7.36 (.290) 6.60 (.260) 
7.88 i:3'iO) 
1 
I 
- 


0.18 (.007) 
....•• 


0.33 (.0131 1-, 


~~l 


.4.70 
(.185) MAX. 
- 
I 


I 


! 
lO.51 
(.0201 


MIN. 
CATHODE 
3 
rl - 
II 
2.92 
(.115) 
MIN. 


0.76 (.030) 
I - 
----0.65 
(.025) MAX 


1:40 (.055) l--~ ~::~~~: 


detector. The detector 
has a three state output stage and has 


a detector 
threshold 
with hysteresis. 
The three state output 
eliminates 
the need for a pullup resistor and allows for direct 
d rive of 
data 
busses. 
The 
hysteresis 
provides 
differential 
mode noise immunity 
and eliminates 
the potential 
for output 
signal 
chatter. 
The detector 
IC has an internal 
shield 
that 


provides 
a guaranteed 
common 
mode transient 
immunity 
of 


1,000 volts/!,sec. 
Higher 
CMR 
specifications 
are available 
upon 
request. 


The Electrical 
and Switching 
Characteristics 
of the HCPL- 


2200 are guaranteed 
over the temperature 
range of 0° C to 
85° C. The HCPL-2200 
is guaranteed 
to operate 
over aVec 


range 
of 4.5 volts to 20 volts. 
Low 
IF and wide Vee range 
allow compatibility 
with TTL, LSTTL, and CMOS logic. Low 


IF and low Ice result in lower power consumption 
compared 
to other 
high speed optocouplers. 
Logic 
signals 
are trans- 


mitted with a typical 
propagation 
delay of 160 nsec. 


The HCPL-2200 
is useful for isolating 
high speed logic inter- 
faces, buffering 
of input and output 
lines, and implementing 


isolated 
line receivers 
in high noise environments. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
4.5 
20 
Volts 


Enable Voltage High 
VEH 
2.0 
20 
Volts 


Enable Voltage Low 
VEL 
0 
0.8 
Volts 


Forward Input Current 
IF(ON) 
1.6' 
5 
mA 


Forward Input Current 
IF{OFF) 
- 
0.1 
mA 
Operating Temperature 
TA 
0 
8511[ 
·C 


Fan Out 
N 
4 
TTL Loads 


Recommended 
Circuit Design 
Absolute Maximum 
Ratings 


VCC2 
(No Derating 
Required 
up to 70°C) 


*:1+5VI 


VCCl 
DATA 
Storage 
Temperature 
................ 
-55°C 
to +125°C 


(+5Vl 
120 pF 
I 
OUTPUT 
Operating 
Temperature 
-40° C to +85°C[lj 
, 
I 
............. 


I 
• 
I 
Lead Solder 
Temperature 
.............. 
260°C 
for 10 s 


1.1Kf.! 
r-- 
f··f~~~~:>-o 
(1.6 mm below 
seating 
plane) 


12: 
HCPL 
Vcc 
~ 
~ ----E~rr~ 


I l...... 
' 
UPT016LSTTL 
Average 
Forward 
Input 
Current 
- 
IF ...... . . .... 10 mA 


: r......l ~~~D:Tl LOADS 
Peak Transient 
Input 
Current 
- 
IF ................. 
1A 


DATA 
OR 
: 
t-1 _>-Q 
(~1 JlS Pulse Width, 
300 pps) 
INPU~>- LSTT>---IT 
L::D- 
I 
I.•.•..• 
' 
: ;.... : 
Reverse 
Input 
Voltage 
............................ 
5V 
V 
~ 
GN0:D- 
' -- 
Supply 
Voltage 
- 
Vcc 
. . .... . ...... O.OV min., 20V max. 
L.J 
..•••.--0 
TOTEM 
'--- 
'-f- 
Three. State 
Enable 
Voltage 
POLE 
t..... 


OUTPUT 
-VE 
........ .. .. . .. . . . . . . .. . . . 
-0.5V min., 20V max. 
GATE 
W 
\27 
Output 
Voltage 
- 
Va 
-0.5V min., 20V max. 
............. 


Total 
Package 
Power 


Figure 1. Recommended 
LSTTL to LSTTL Circuit 
Dissipation 
- 
P ..... .. . .. ........ . . ..... . 
210mWllj 


Average 
Output 
Current 
- 
10 .................. 
25 mA 
Electrical Specifications 


For O°C:5 TAll):5 85°C, 4.5 V:5 Vcc:5 20 V, 1.6 mA:5 IF(ON):55 mA, 2.0 V:5 VEH:520 V, 0.0 V:5 VEL:50.8 V, 
o mA :5IFIOFF):50.1 mA. All Typicals at TA; 25°C, Vcc; 
5 V, JF10N); 3 mA unless otherwise specified. See note 7. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Logic Low Output Voltage 
VOL 
05 
Volts 
10L= 6A mA (4 TTL Loads) 
2 


Logic High Output Voltage 
VOH 
2A 
Volts 
10H= -2.6 mA 
'VaH ~ Vcc - 2.1V 
3 


Output Leakage Current 
IOHH 
100 
J.<A 
Vo = 5.5V 
I 
IF = 5 mA 


(Vour> 
Vccl 
500 
J.<A 
Va = 20V 
I 
Vcc = 4.5V 


Logic High Enable Voltage 
VEH 
20 
Volts 


Logic Low Enable Voltage 
VEL 
0.8 
Volts 


20 
J.<A 
VEN= 2.7V 


Logic High Enable Current 
IEH 
100 
J.<A 
VEN= 5.5V 


.004 
250 
J.<A 
VEN= 20V 


Logic Low Enable Current 
IEL 
-0.32 
mA 
VEN= OAV 


4.5 
6.0 
mA 
Vcc = 5.5V 
IF=OmA 
Logic Low Supply Current 
ICCL 
10= OJ>en 
5.25 
7.5 
mA 
Vcc = 20V 
VE= Don t Care 


2.7 
4.5 
mA 
VCC= 5.5V 
IF= 5 mA 


Logic High Supply Current 
ICCH 
10= OJ>en 
3.1 
6.0 
mA 
Vcc = 20V 
VE= Don t Care 


IOZL 
-20 
J.<A 
Va = OAV 
VEN= 2V,IF = 5 mA 


High Impedance State 
20 
J.<A 
Vo = 2.4V' 


Output Current 
10ZH 
100 
J.<A 
Vo = 5.5V 
VEN= 2V. IF = 0 


500 
J.<A 
Va = 20V 


Logic Low Short Circuit 
25 
mA 
Vo = Vcc = 5.5V 
Output Current 
10SL 
IF = 0 mA 
2 


40 
mA 
Vo = Vcc = 20V 


Logic High Short Circuit 
-10 
mA 
Vcc = 5.5V 
IF=5mA, 
Output Current 
10SH 
VA = GND 
2 


-25 
mA 
Vcc = 20V 


Input Current Hysteresis 
IHYS 
0.12 
mA 
Vcc = 5V 
4 


1.7 
TA; 25°C 
Input Forward Voltage 
VF 
1.5 
f---- 
Volts 
IF; 5 mA 
5 


1.75 


Input Reverse Breakdown 
BVR 
5 
Volts 
IR = 10J.<A 
Voltage 


Input. Diode Temperature 
dVF 


Coellicient 
-- 
-1.7 
mV/oC 
IF = 5 mA 
dTA 


Input-Output 
Insulation 
Visa 
2500 
VRMS 
RH :5 50%, t ; 1 min., TA ; 25°C 
12 
3,8 


Input-Output 
Resistance 
RI-o 
1012 
ohms 
VI-O = 500 VDC 
3 


Input-Output 
Capacitance 
CI-O 
0.6 
pF 
1= 1 MHz. VI-O = 0 VDC 
3 


Input Capacitance 
C,N 
60 
pF 
1= 1 MHz, VF = OV,Pins 2 and 3 


• 


Switching Specifications 
For O°C'; 
TAl11,; 85°C, 4,5V'; 
Vcc'; 
20V, 1.6 mA'; 
IF(ONI'; 
5 mA, 


0.0 mA'; 
IF(OFF)'; 
0.1 mA. All Typicals at TA = 25°C, Vcc = 5V, IF(ONI = 3 mA unless otherwise specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay Time to 
tPHL 
210 
ns 
Without Peaking Capacitor 
6,7 
4,5 


Logic Low Output Level 
160 
300 
With Peaking Capacitor 


Propagation 
Delay Time to 
tPLH 
170 
ns 
Without Peaking Capacitor 
6,7 
4,5 


Logic High Output Level 
115 
300 
With Peaking Capacitor 


Output ~nable Time to 
tPZH 
25 
ns 
8,10 
Logic High 


Output Enable Time to 
tPZL 
28 
ns 
8,9 


Logic Low 


Output Disable Time 
tPHZ 
105 
ns 
8,10 


from Logic High 


Output Disable Time 
tPLZ 
60 
ns 
8,9 
from Logic Low 


Output Rise Time (10-90%) 
t, 
55 
ns 
6,11 


Output Fall Time (90-10%) 
tf 
15 
ns 
6,11 


P••.• meter 
Symbol 
Device 
Min. 
Units 
Test Conditions 
Figure 
Note 
Logic High 
HCPL-22oo 
1,000 
V/!'s 
IVcml- 
50V 
IF = 1.6 mA 
Common 
Mode 
ICMHI 
Vcc = 5 V 
12 
6 
Transient Immunity 
HCPL-2219 
2,500 
V/!'s 
IVcml = 400 V 
TA= 25°C 


Logic Low 
HCPL-22oo 
1,000 
V/!'s 
IVcml = 50V 
VF - 0 V 
Common Mode 
ICML! 
Vcc = 5 V 
12 
6 
Transient Immunity 
HCPL-2219 
2,500 
V/!'s 
IVcml = 400 V 
TA= 25°C 


> 
..I .I. 
" 
0.' 
E 
I 
Vcc - 4.5V - 
I 
~ 
IF -OmA 
•.. 


~ 


0.8 
10 -6.4mA- 


~ 
0 
0.7 
a 
>•.. 
O.S 
•.. 
" 
" 
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~ 
" 
0 
0 
w 
D.• 
~ 
w 
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'" 
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g 
0.2 
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I 
" 
0.1 
I 
~ 
§ 
0 
-60 
-40 
-20 
20 
40 
60 
80 
100 


I 
I 


-1 
r\ 


~c~;~:~_ 


-2 


Vo·2.7V 


-3 
\ 
-4 


Vo ·2.4V 
"- 


-, 


-S 
"- 
""-- 


PULSE 
I 
GENERATOR 
1,=11= 5 ns 


I 


f=100kHz 
Vcc 
250 
1000 


~ 


TA.25t 
~ 


10% DUTY 
5V 


VC~'5) 
J 
J. J J 


I, 


CYCLE 
(mAl 


Vo=5V 
, 
OUTPUT Vo 
I, 
Cl (120 pFl PEAKING CAPACITOR 
5 
~ 
100 
MONITORING 
IS USED. SEE FIGURE 6. 
D~ 
HCPL v,,, 
NOD' 
./ 
3 
, 
§ 


; 
619n 
I 
200 
I 
" 


INPUT.!!:.. 
220~ 
h 
I~ 
> 


~ / 
•.. 
~ 
z 
10~ 


MONITORING 2~r:e"'"' 
1'<", ~02 
~ 


"./ 


1.6 
~ 
/ 
N~ 
L:~·C2' 
~ 


C 
k 
V 
~ 
~03 
Z 
1.6 
a 
1.0 
lS pF 
...;: 
0 
150 
3 


R. 
~ 
GNDS 
SK~ ~04 


;:: 
e: 
I-- 
~ 


5 
~ 
~ 
tPHl - 
~ 
/ 
" 
~ 


::;:;C1 
"' 120 pF 


~ 
~ 
~ 
0.1 


fr 
/' 
-::;:- 
THE PROBE AND JIG CAPACITANCES 
ARE 
100 
i....IllI' 


I 
./ 
INCLUDED 
IN C1 AND C2 
I 
~ 
~ 0.01 
~ 
~ 
R, 
2.15 Kn 
I 
1.1 Kn 
681n 
I 
tPlH 
~/ 
I 
(ON I 
1.6mA 
3mA 
SmA 
I 


0.001 
ALL DIODES ARE lN916 
OR lN3064 
50 
1.10 
1.20 
1.30 
1.40 
1.S0 
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-40 
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TA - TEMPERATURE 
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~omA 


~~TPUT 
_________ 
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Figure 5. Typical Input Diode Forward 
Figure 6. Test Circuit lor tpLH. tpHL>t~ 
Figure 7. Typical Propagation Delays ys. 


Characteristic 
and t, 
Temperature 


Cl '" 1S pF INCLUDING 
PROBE 
PULSE 
AND JIG CAPACITANCE r 


v 
GENERATOR J 


Zo '" son 
, 5; 
100 
200 
tr "'tf 
"'Sru 
Vo 
CL 
:: 15 pF 
vcc 
H::~ 
~ 
20V 
~ 
I--- 


vcc 
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I 
4.5V 
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> 
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L 
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{/ 
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IeL:~;: 


z 
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I 
0 
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" 
100 
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;t - 


./ 
~.5V 
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INPUT Vc 
S2 
~ 
40 
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20V 
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NODE 
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I 
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I- 
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-VOH 
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1.3V 
r 
~""1.5V 
TA - TEMPERATURE 
_·C 
TA - 
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_·C 
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~--OV 
tPHZ _I--- 
Sl AND S2 
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CLOSED 


Figure 8. Test Clrcuillor 
tpHZ, tpZH. tpLZ, 
Figure 9. Typical Logic Low Enable 
Figure 10. Typical Logic High Enable 


and tpZL 
Propagation Delay ys. Temperature 
Propagation .Delay ys. Temperature • 


12. 


100 


~ 8. 
0::~~ 8. 
-~~ 


I 
40 
- 
2. 


v~c= sl 
CL = 15 pF r- 
/ 
/ 


,/ v" 


./ 


If 


OUTPUTVO 
MONITORING 
NODE 


~ 


-50V 


''''eM .V 
SWITCH AT A: IF = 1.6 mA 


VOH~ 


OUTPUT 
SWITCH AT B: IF = 0 mA 


VO~ 
VO, 


·SEE NOTE 6 


Figure 15. Series LED Drive with 
Open Collector 
Gate (4.7 kO 


Resistor Shunts 
IOH from the LED) 


Notes: 
1. 
Derate total package power dissipation, 
P, linearly above 70°C free air 
temperature 
at a rate of 4.5 mwr C. 


2. 
Duration of output short circuit time should not exceed 10 ms. 
3. 
Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5. 6. 7 and 8 shorted together. 


4. 
The tPLHpropagation delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.3V point on the leading edge of 
the output pulse. The tPHLpropagation delay is measured from the 50% 
point on the trailing edge of the input pulse to the 1.3V point on the 


trailing edge of the output pulse. 
5. 
When the peaking capacitor is omitted, propagation 
delay times may 


increase by 100 ns. 
6. 
CML is the maximum rate 01rise 01the common mode voltage that can 
be sustaine"d with the output voltage in the logic low state (Va < 0.8V). 
CMH is the maximum rate of lall of the common mode voltage that can 
be sustained with the output voltage in the logic high state (Va> 2.QV). 


7. 
Use 01a 0.1 J.lF bypass capacitor connected between pins 5 and 8 is 
recommended. 


8. 
In accordance 
with UL 1577, each optocoupler 
is proof tested by 
applying an insulation test voltage 2:3000 Vrmsfor 1 second (leakage 
detection current limit, li--o'55 IlA). 


rh~ HEWLETT 
~~ 
PACKARD 


Very High CMR, Wide Vcc 
Logic Gate Optocoupler 


Features 
• Very High Common Mode 
Rejection, 
10 kV~ 
at 
1000 V Guaranteed 
(HCPL· 2211/12) 


• Wide Vcc Range (4.5 to 20 
Volts) 


• 300 ns Propagation 
Delay 
Guaranteed 
over the Full 


Temperature 
Range 
• 5 MBd Typical Signal Rate 
• Low Input Current 


(1.6 mAl 
• Totem Pole Output 
(No 
Pullup Resistor 
Required) 


I 


+J~ 
: 
2 
I 


VF 
T 


- 
I 


3 
II 


HCPL·2201 
HCPL-2202 
HCPL·2211 
HCPL·2212 


• Microprocessor 
System 
Interfaces 
• Ground Loop Elimination 
• Pulse Transformer 


Replacement 
• High Speed Line Receiver 


• Guaranteed 
Performance 
From -40°C to +85°C 
• Recognized 
under the 
Component 
Program 
of 
UL. (File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltages of 2500 Vac, 
1 Minute 
• CSA Approved 
Description 
The HCPL-2201/02l11/12 are 
single-channel, 
optically-coupled 
logic gates. The detectors have 
totem pole output stages and 
optical receiver input stages 
with built-in Schmitt triggers to 
provide logic-compatible wave- 
forms, eliminating the need for 
additional waveshaping. 


Applications 
• Isolation 
of High Speed 
Logic Systems 
• Computer-Peripheral 
Interfaces 


0.18 (007) 
O.J3C(13) l 
I"" 


TYPE 
NUMBER 
! 
T 


DATE CODE 
6.10 {.2401 
7.36 (.2901 6.60 {.260} 
7.88(110) 
I 


UL 
I 
RECOGNITION 
_ 


mw 


~51 
MAX. 
TRUTH 
TABLE 


- 
~ 
(POSITIVE 
lOGIC) 


I' 
I 
I 
~llo.511.0201 


I 
MIN. 


I 
-I 
II 
~2.921.11SIMIN. 


0.76 LOlO1 
' 
--- 
-0.65 
L.025) MAX. 


140 1.0551 
..•. --~- 
~ 
::~:: 
DIMENSIONS 
IN MILLlMETRES 
AND (INCHES). 


• 


A superior 
internal 
shield on 
the HCPL-2211/12 
guarantees 
common mode transient 
immunity 
of 10 kV/llS at a com- 
mon mode voltage of 1000 volts. 


VCC2 
(+5V) 


DATA 
OUTPUT 
, 


: r-··.. 
r··L ·>u-p-c;o 16 LSTTL 


: 
r........ 
~~A4D~TLLOADS 
H 
';~-o 
It 
· 
: r , 
L.1.. 
:;~ 


The electrical 
and switching 
characteristics 
of the HCPL- 
2201/02/11/12 
are guaranteed 
from -40°C to +85°C and aVec 
from 4.5 volts to 20 volts. Low IF 
and wide Vcc range allow com- 
patibility 
with TTL, LSTTL, and 
CMOS logic and result 
in lower 
power consumption 
compared 
to 
other high speed couplers. 
Logic 
signals are transmitted 
with a 
typical propagation 
delay of 
150 ns. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
4.5 
20 
Volts 


Forward 
Input Current 
IF(oN) 
1.6* 
5 
mA 


Forward 
Input Voltage 
VF(OFF) 
- 
0.8 
Volts 


Operating 
Temperature 
TA 
-40 
85 
°C 


Fan Out 
N 
4 
TTLLoads 


"The initial 
switching 
threshold 
is 1.6 mA or less. It is recommended 
that 
2.2 mA be 
used to permit 
at least a 20% CTR degradation 
guardband. 


Absolute Maximum Ratings 
(No Derating 
Required 
up to 70°C) 
Storage Temperature 
_55°C to +125°C 
Operating 
Temperature 
-40°C to +85°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 
Average Forward 
Input Current 
- IF 
10 mA 
Peak Transient 
Input Current 
- IF 
1 A 
(:!>l11sPulse Width, 300 pps) 
Reverse Input Voltage 
5 V 
Supply Voltage - Vcc 
0.0 V min., 20 V max. 


Output 
Voltage - Vo 
-0.5 V min., 20 V max. 


Total Package 
Power Dissipation 
- P 
210 mWl1J 
Average Output 
Current 
- 10 
25 mA 


Electrical Specifications 
-40°C ~ TA ~ 85°C, 4.5 V ~ Vcc ~ 20 V, 1.6 mA ~ IF(oN) ~ 5 mA, 0 V ~ VF(OFF) ~ 0.8 V, unless otherwise 
specified. All Typicals at TA = 25°C. See Note 7. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Figure 
Note 


Logic Low Output 
VOL 
0.5 
Volts 
IoL = 6.4 mA (4 'ITL Loads) 
2,4 
Voltage 


Logic High Output 
VOH 
2.4 
Volts 
IoH = -2.6 mA 
Vcc= 4.5V 
3,4,8 
Voltage 
2.7 
IoH = -O.4mA 


Output 
Leakage 
IoHH 
100 
jlA 
Vo=5.5V 
Iv= 5mA 
Current 
(VOUT> Vcc) 
Vcc=4.5V 
500 
jlA 
Vo= 20V 


Logic Low Supply 
IecL 
3.7 
6.0 
mA 
Vcc= 5.5V 
Vv= OV 
Current 
Io = Open 
4.3 
7.0 
mA 
Vcc=20V 


Logic High Supply 
IecH 
2.4 
4.0 
mA 
Vcc= 5.5V 
Iv= 5mA 
Current 
Io = Open 
2.7 
5.0 
mA 
Vcc= 20V 


Logic Low Short 
IoSL 
15 
mA 
Vo= Vcc = 5.5 V 
Vv= OV 
2 
Circuit 
Output 
Current 
20 
mA 
Vo=Vcc=20V 


Logic High Short 
IoSH 
-10 
mA 
Vcc=5.5V 
Iv= 5mA 
2 
Circuit 
Output 
Current 
Vo=GND 
-20 
mA 
Vcc=20V 


Input 
Forward 
Voltage 
Vv 
1.5 
1.7 
Volts 
TA= 25°C 
Iv= 5mA 
5 
f---- 


1.85 


Input 
Reverse 
BVR 
5 
Volts 
IR = 10 jlA 
Breakdown 
Voltage 


Input 
Diode Temper- 
lJ.VF 
-1.7 
mVioC 
Iv= 5mA 
ature 
Coefficient 
lJ.TA 


Input-Output 
VISO 
2500 
VRMS RH ~ 50%; t = 1 min 
3,8 
Insulation 
TA = 25°C 


Input-Output 
RI-O 
1012 
n 
VI-O= 500 VDC 
3 
Resistance 


Input-Output 
C1.() 
0.6 
pF 
f= 1 MHz, \).() = 0 VDC 
3 
Capacitance 


Input 
Capacitance 
C1N 
60 
pF 
f = 1 MHz, Vv = 0 V, 
Pins 2and3 
I 


Switching Specifications 
-40°C ~ TA ~ 85°C, 4.5 V ~ Vcc ~ 20 V, 1.6 mA ~ IF(oN)~ 5 mA, 


o V ~ VF(OFF)~ 0.8 V. All typicals 
at TA = 25°C, Vcc = 5 V, IF(oN)= 3 mA unless otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay Time 
tpHL 
150 
ns 
Without 
Peaking 
6,7 
4 
to Logic Low Output 
Level 
Capacitor 


150 
300 
With Peaking 
Capacitor 


Propagation 
Delay Time 
tpLH 
110 
ns 
Without 
Peaking 
6,7 
4 


to Logic High Output 
Level 
Capacitor 


90 
300 
With Peaking 
Capacitor 


Output 
Rise Time 
t,. 
30 
ns 
6,9 
(10-90%) 


Output 
Fall Time (90-10%) 
tr 
7 
ns 
6,9 


Parameter 
Symbol 
Device 
Min. 
Units 
Test 
Conditions 
Fig. 
Note 


Logic High 
ICMHI 
HCPL-2201 
1,000 
V/j1S 
IVcml =50V 
IF= 1.6 mA 
10 
5 
Common Mode 
HCPL-2202 
Vcc=5V 
Transient 
TA = 25°C 
Immunity 
HCPL-2211 
10,000 
V/lls 
IVcml = 1kV 
HCPL-2212 


Logic Low 
ICMLI 
HCPL-2201 
1,000 
V/j1S 
IVcml =50V 
VF= OV 
10 
5 
Common Mode 
HCPL-2202 
Vcc=5V 
Transient 
TA = 25°C 
Immunity 
HCPL-2211 
10,000 
V/j1S 
IVcml = 1kV 
HCPL-2212 
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Figure 
2. Typical 
Logic Low Output 


Voltage 
vs. Temperature. 
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Figure 
8. Typical 
Logic High Output 


Voltage 
VS. Supply Voltage. 
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Figure 
3. Typical 
Logic High Output 
CUITent 
VS. Temperature. 


THE 
PROBE 
AND 
JIG 
CAPACITANces 
ARE INCLUDED 
IN Cl AND C2. 


RI 
2.15 Kn 
1.10 Kn 
681 n 


IF tON) 
1.6 mA 
3 mA 
5 mA 


ALL DIODES ARE lN9160R 
lN3064 


___ 
IF (ONI 


INPUTI,di1p~H 
- 
-~:-jE;;~A 


~~Tl'UT. 
l~~O:OL 


·0.1 
ItF BYPASS 


SEE NOTE 6. 


Figure 
6. Circuit 
for tpLH.tpHL•t,., tr• 
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Figure 
9. Typical 
Rise. Fall Time 
VS. 
Temperature. 
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•• 4.5 
V 


TA- 25°C 


'0'" -2.6 mA 


to 
=6.4mA 


Figure 
4. Output 
Voltage 
VS. 


Forward 
Input 
CUITent. 


Figure 
7. Typical 
Propagation 


Delays 
VS. Temperature. 
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Figure 
10. Test Circuit 
for Common 


Mode Transient 
Immunity 
and 


Typical 
Waveforms. 
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Figure n. Typical 
Input 
Threshold 
Current 
vs. 


Temperature. 


Vee 
(+5V) 


VCCl 
(-+5V) 


DATA 
DATA 
INPUT 
INPUT 


Notes: 
1. Derate 
total package power dissipa- 
tion, P, linearly 
above 70°C free air 
temperature 
at a rate of 4.5 mW/"C. 


2. Duration 
of output 
short circuit time 


should not exoeed 10 ms. 
3. Device considered 
a two terminal 
device: pins I, 2, 3, and 4 shorted 
together, 
and pins 5, 6, 7, and 8 
shorted 
together. 
4. The tPlJ{ propagation 
delay is 
measured 
from the 50% point on the 


Figure 
14. Series 
LED Drive with Open Collector 
Gate 
(4.7 kn Resistor 
Shunts 
IOH from the LED). 


leading edge of the input pulse to the 
1.3 V point on the leading edge of the 
output 
pulse. The tpHL propagation 
delay is measured 
from the 50% point 
on the trailing 
edge of the input pulse 


to the 1.3 V point on the trailing 
edge 


ofthe 
output 
pulse. 


5. CML is the maximum 
slew rate of the 
common mode voltage that can be 
sustained 
with the output 
voltage in 
the logic low state. Va < 0.8 V. CMH is 
the maximum 
slew rate of the 


common mode voltage that can be 
sustained 
with the output 
voltage in 


the logic high state Va > 2.0 V. 


6. For HCPL-2202l12, 
Va is on pin 6. 


7. Use of a 0.11iF' bypass capacitor 


connected 
between 
pins 5 and 8 is 


recommended. 


8. In accordance 
with ULI577, 
each 
optocoupleris 
proof tested by applying 


an insulation 
test voltage 2:3000 
Vrms for one second (leakage 
detec- 


tion current 
limit, I(.():55 flA). 


HEWLETT 
PACKARD 


VERY HIGH CMR, WIDE Vcc 
DUAL lOGIC GATE 
OPTOCOUPlER 


HCPL-2231 
HCPL-2232 


I" 
1-'.]~! 


3 


-v], j 
-I 


4 
I 


+ 
~ 
: 


TRUTH 
TABLE 
SHIELD 


(POSITIVE lOGIC) 


Features 


• 
VERY HIGH COMMON MODE REJECTION 10 kV/J.ls 
AT 1000 V GUARANTEED (HCPL-2232) 


• 
WIDE Vcc RANGE 
(4.5 TO 20 VOLTS) 


• 
300 ns PROPAGATION 
DELAY GUARANTEED 
OVER THE FULL TEMPERATURE 
RANGE 


• 
5 MBd TYPICAL 
SIGNAL 
RATE 


• 
LOW INPUT 
CURRENT 
(1.8 mAl 


• 
TOTEM 
POLE OUTPUT 
(NO PULLUP 
RESISTOR 
REQUIRED) 


• 
GUARANTEED 
PERFORMANCE 
FROM 
-40°C 
TO +85°C 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 


VOLTAGES 
OF 2500 Vac, 1 MINUTE 


• 
CSA APPROVED 


• 
MIL-STD-1772 
VERSION 
AVAILABLE 


(HCPL-5230/1) 


Applications 


• 
ISOLATION 
OF HIGH SPEED LOGIC SYSTEMS 


• 
COMPUTER·PERIPHERAL 
INTERFACES 


• 
MICROPROCESSOR 
SYSTEM INTERFACES 


• 
GROUND 
LOOP ELIMINATION 


• 
PULSE TRANSFORMER 
REPLACEMENT 


• 
HIGH SPEED LINE RECEIVER 


0.18 (.007) 
0.33 (.013) 1-.- 


TVPE 
NUMBER 
1 
T 


DATE CODE 
6.101.240) 


7.36 (.290) 6.60 (.260) 


UL 
7.88'TO) 
I 


RECOGNITION 
1-==_ 
5< TYP'l 


T 
---t 
ANODE 
1 
1 


~ 4.70 f,185) MAX. 


i 


l 
l-_l 
CATHOOE 1 
2 
, 
I 
0.511.020) 
I 
MIN. 
CATHODE 
2 
rl - 
II 
--c...- 
2.92 
(.115) 
MIN. 


0.76 (.OJO} 
,-.. 
-0.65 
\.025) MAX. 
ANODe 2 


1.40 (.OSS) I-~ ~::~~~: 
DIMENSIONS IN MILlIMETRES 
AND (INCHES). 


Description 


The HCPl-223112 
are dual-channel, 
optically-coupled 
logic 


gates. The 
detectors 
have totem 
pole 
output 
stages 
and 
optical 
receiver 
input 
stages with 
built-in 
Schmitt 
triggers 


to 
provide 
logic 
compatible 
waveforms, 
eliminating 
the 


need for additional 
waveshaping. 


A superior 
internal 
shield 
on the 
HCPL-2232 
guarantees 


common mode transient immunity of 10,000 VlJ.ls at a common 
mode voltage 
of 1000 VCM' 


The electrical 
and switching 
characteristics 
of the HCPl- 


2231/2 are guaranteed 
from -40°C to +85°C and a Vcc from 


4.5 volts 
to 20 volts. 
low 
IF and 
wide 
Vcc 
range 
allow 


compatibility 
with TTl, 
lSTTl, 
and CMOS logic and result 


in lower power consumption 
compared 
to other high speed 
couplers. logic 
signals are transmitted with a typical propaga- 


tion delay of 150 ns. 


Recommended operating 
Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
4.5 
20 
Volts 


Input Current 
(High) 
IF(ON) 
1.8' 
5 
mA 


Input Voltage (low) 
VF(OFF) 
- 
0.8 
Volts 


Operating 
Temperature 
TA 
-40 
85 
°C 


Fan Out per Channel 
N 
4 
TTl 
loads 


'The initial switching threshold is 1.8 mA or less. It is recom- 
mended that 2.5 mA be used to permit at least a 20% CTR degra- 
dation guardband. 


• 


Recommended Circuit Design 
Absolute Maximum 
Ratings 


VCC2 
Storage 
Temperature 
................... 
-55°C 
to +125°C 


CHANNEL 
ONE 
SHOWN 
~(+5VI 
Operating 
Temperature 
.................. 
-40°C 
to +85°C 


VCCl 
DATA 
Lead Solder 
Temperature 
................. 
260°C 
for 10 s 


(+5VI tI: 
PF 
: 
OUTPUT 
(1.6 mm below 
seating 
plane) 


1.1Kn 
HCPL.2231/2 
: r----_ 
Average 
Forward 
Input 
Current-IF 
............. 
10mAl1] 


'~" 
v,,:!}--< 
t-~ 
~:>-o 
Peak Transient 
Input 
Current-IF 
.................. 
1 API 
I 
L.•••-.. 
UP TO 16 lSTTL 
b-. ~ 
:~IID3- 


1. 
LOADS 
(~1 IlS Pulse Width, 
300 pps) 
I 
:••••••.•• 
OR 4 TTt 
lOADS 
Reverse 
Input 
Voltage 
............................ 
5 VP] 
TIL 
I 
H 
·;~·oPER 
M~ 
OR 
3 
I 
6 
INPU~>- 
LSTTL 
~ §.~l!D~ . 
I 
l.......... 
CHANNEL 
Supply 
Voltage 
- 
Vcc ............... 
0.0 V min., 20 V max. 
I 
V 
E '~:D- 


I r.... 
Output 
Voltage-Va 
............. 
-0.5V 
min., 20V 
max.l1] 
, ..... 


TOTEM 
L.-i 
.•;~·o 
Total Package 
Power 
Dissipation 
................. 
294 mW 
; ••••f 
POLE 
~ 
Output 
Power 
Dissipation 
- 
Po per Channel 
........ 
Fig. 8 
OUTPUT 
GATE 
W 
W 
Average 
Output 
Current 
- 
10 per Channel 
......... 
25 mA 
·0.1 
.lJFBYPASS 


Figure 1. Recommended LSTTL to LSTTL Circuit 


Electrical Specifications 


-40°C 
~ TA ~ 85°C, 4.5 V ~ Vcc ~ 20 V, 1.8 mA ~ IF(ON) ~ 5 mA, 0 V ~ VF (OFF)~ 0.8 V, unless 
otherwise 
specified. 


All Typicals 
at TA = 25°C. 
See note 7. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Logic 
Low Output 
Voltage 
VOL 
0.5 
Volts 
IOL = 6.4 mA (4 TTL 
Loads) 
2,4 
1 


Logic 
High 
Output 
Voltage 
VOH 
2.4 
Volts 
10H = -2.6mA 
Vcc 
= 4.5 V 
3,4,9 
2.7 
10H = -0.4 mA 
1 


Output 
Leakage 
Current 
100 
IlA 
Vo = 5.5V 
IF = 5mA 
IOHH 
1 
(VOUT> Vccl 
500 
IlA 
Vo = 20V 
Vcc = 4.5V 


7.4 
12.0 
mA 
Vcc = 5.5V 
VF = OV 
Logic 
Low Supply 
Current 
ICCL 
10 = Open 
8.6 
14.0 
mA 
Vcc=20V 


4.8 
8.0 
mA 
Vcc = 5.5V 
Logic 
High Supply 
Current 
IccH 
IF = 5mA 
5.4 
10.0 
mA 
Vcc = 20V 


Logic 
Low Short 
Circuit 
15 
mA 
Vo = Vcc = 5.5 V 
VF = OV 
10SL 
1,2 
Output 
Current 
20 
mA 
Vo = Vcc = 20V 
10 = Open 


Logic 
High 
Short 
Circuit 
-10 
mA 
Vcc = 5.5V 
IF=5mA 
10SH 
1,2 
Output 
Current 
-20 
mA 
Vcc = 20V 
Vo = GND 


1.7 
TA = 25°C 
Input 
Forward 
Voltage 
VF 
1.5 
- 
Volts 
IF = 5mA 
5 
1 
1.85 


Input 
Reverse 
Breakdown 
BVR 
5 
Volts 
IR = lOIlA 
1 
Voltage 


Input 
Diode 
Temperature 
dVF 
-1.7 
mVioC 
IF = 5mA 
Coefficient 
dTA 


Input-Output 
Insulation 
V'SO 
2500 
VRMS 
RH ~ 50%, t = 1 min., TA = 25°C 
3,8 


Input-Output 
Resistance 
R,_o 
1012 
ohms 
V'-O = 500 VDC 
3 


Input-Output 
Capacitance 
C,-o 
0.6 
pF 
f = 1 MHz, V,_o = OVDC 
3 


Input 
Capacitance 
C'N 
60 
pF 
f= 
1 MHz, VF=OV 
1 


Input-Input 
Insulation 
11-1 
0.005 
IlA 
Relative 
Humidity 
= 45% 
6 
Leakage 
Current 
t = 5s, Viol = 500V 


Resistance 
(Input-Input) 
R1_, 
10" 
0. 
VI-I = 500V 
6 


Capacitance 
(Input-Input) 
CI-I 
0.25 
pF 
f = 1 MHz 
6 


switching Specifications 
-40°C:S 
TA:s 85°C, 
4.5 V:S Vcc:S 20 V, 1.8 mA:S 
IF (ON):S 5 mA, 


o V:S VF (OFF):S 0.8 V. All Typicals 
at TA = 25°C, 
Vcc = 5 V, IF (ON) = 3 mA unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay 
Time 
to 
150 
Without 
Peaking 
Capacitor 


tpHL 
ns 
6, 7 
1,4 
Logic 
Low Output 
Level 
150 
300 
With 
Peaking 
Capacitor 


Propagation 
Delay 
Time 
to 
110 
Without 
Peaking 
Capacitor 
tpLH 
ns 
6, 7 
1,4 


Logic 
High 
Output 
Level 
90 
300 
With 
Peaking 
Capacitor 


Output 
Rise Time 
(10-90%) 
t, 
30 
ns 
6, 10 
1 


Output 
Fall Time 
(90-10%) 
tf 
7 
ns 
6, 10 
1 


Parameter 
Symbol 
Device 
Min. 
Units 
Test Conditions 
Figure 
Note 


Logic 
High 
Common 
Mode 
HCPL-2231 
1,000 
V//lS 
IVcml= 
50 V 
IF = 1.8 mA 


Transient 
Immunity 
ICMHI 
Vcc 
= 5 V 
11 
1,5 


HCPL-2232 
10,000 
V//lS 
IVcm I=1,000V 
T A = 25°C 


Logic 
Low 
Common 
Mode 
HCPL-2231 
1,000 
V//lS 
IVcm 1= 50 V 
VF = 0 V 


Transient 
Immunity 
ICMLI 
Vcc 
= 5 V 
11 
1,5 


HCPL-2232 
10,000 
V//lS 
IVcm I=1,000V 
TA=25°C 


> 
0.• 
I~ 0.8 
~ 
a 
0.7 


> 
0- 
0.' 
~ 
=> 
0.' 
a 


0.' 


~ 
0.3 


'"g 
0.2 


I 
~ 
0.1 


VC~~4.JV- 


VF- 
OV 


10'"'6.4 mA- 


-I--- 


Figure 2. Typical Logic Low Output 
Voltage YS. Temperature 
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Figure 3. Typical Logic High Output 
Current YS. Temperature 
Figure 4. Output Voltage YS. Forward 
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Vec 
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INPUTg..." 
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NODE 
619n 


MONlTORI~ 
~~Ij r) 
B~~~~ID~ 


NOOE 
: 1~~ 
N~lD2 
0-- 
l!.~IQ)~ 
~J;F 
~~D, 


RI 
G: ~~@ 
~~D4 


C, •• 120pF 


-=- 
THE 
PROBE 
AND 
JIG 
CAPACITANCES 
ARE 


INCLUDED 
IN 
CL AND 
C2 


R, 
11.96 Kn 
1.10 Kn 
6am 


IF (ONI-l 
1.8mA 
3mA 
SmA 


ALL 
DIODES 
ARE 
lN916 
OR 
lN3064 


IF ION I 


INPUT 
IF d-------]50% IFlONI 


~ 


PLH 
tPHL 
OmA 
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- - - VOH 
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1.3V 
VOL 
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Figure 8. Maximum Output Power per 
Figure 9. Typical Logic High Output 
Channel vs. Supply Voltage 
Voltage vs. Supply Voltage 
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Figure 7. Typical Propagation Delays vs. 


Temperature 
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Figure 10. Typical Rise, Fall Time vs. 


Temperature 
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Figure 11. Test Circuit for Common Mode Transient Immunity 
and Typical Waveforms 
Figure 12. Typical Input Threshold 


Current 
V5. Temperature 


R, 


1.1K n 
2.37K n 
3.83K n 
5.11K n 


Figure 
15. 
Series 
LED 
Dri"" 
with 
Open 
Collector 
Gate 


(4.7 
kfi 
Resistor 
Shunts 
10H from 
the 
LED) 


Notes: 
1. Each 
channel. 


2. Duration 
of output 
short 
circuit 
time should 
not exceed 
10 ms. 


3. Device 
considered 
a two 
terminal 
device: 
pins 
1, 2, 3 and 
4 


shorted 
together, 
and pins 5, 6, 7 and 8 shorted 
together. 


4. The 
tpLH 
propagation 
delay 
is measured 
from 
the 
50% 
point 
on the 
leading 
edge 
of the input 
pulse 
to the 1.3 V point 
on the 


leading 
edge 
of the output 
pulse. 
The 
tpHL 
propagation 
delay 


is measured 
from 
the 
50% 
point 
on 
the 
trailing 
edge 
of 
the 


input 
pulse 
to the 
1.3 V point 
on the trailing 
edge 
of the output 


pulse. 


5. CML 
is the 
maximum 
slew 
rate of the 
common 
mode 
voltage 


that 
can 
be sustained 
with 
the output 
voltage 
in the 
logic 
low 


state. 
Va 
< 
0.8 V. CMH 
is 
the 
maximum 
slew 
rate 
of 
the 


common 
mode 
voltage 
that 
can 
be sustained 
with 
the 
output 
voltage 
in the logic 
high 
state Va > 2.0 V. 


6. Measured 
between 
pins 1 and 2, shorted 
together, 
and pins 3 
and 4, shorted 
together. 


7. Use of a 0.1 I'F bypass capacitor 
connected 
between 
pins 5 and 


8 is recommended. 


8. In accordance 
with UL 1577, each optocoupler 
is proof lested by 


applying 
an 
insulation 
test 
voltage 
2: 3000 
Vrms 
for 
1 second 


(leakage 
detection 
current limit, 11'0:S: 5 IJA). 


I 


FhjJI HEWLETT 
~r...•PACKARD 
-~--- 
Small Outline Very High CMR, 
Wide Vcc Logic Gate 
Optocoupler 


Features 
• Surface Mountable 
• Industry 
Standard 
SOIC-8 
Footprint 
• Compatible 
with Infrared 
Vapor Phase Reflow and 
Wave Soldering 
Processes 
• Very High Common Mode 
Rejection, 
10 kVlIlSat Vcm 
• 1000 V Guaranteed 
(HCPL-0211) (Typical 15 
kV/us) 
• Wide VccRange 
(4.5 to 20 
Volts) 
• 300 ns Propagation 
Delay 
Guaranteed 
over the Full 
Temperature 
Range 
• 5 MBd Typical Signal Rate 
• Low Input Current 
(1.6 mA) 
• Totem Pole Output 
(No 
Pullup Resistor 
Required) 
• Guaranteed 
Performance 
from -40°C to +85°C 
• Recognized 
under 
the 
Component 
Program 
of 
U.L. 1577, (File No. E5536l) 
for Dielectric 
Withstand 
Proof Test Voltages of 2500 
Vac, 1 Minute 


Applications 
• Isolation of High Speed 
Logic Systems 
• Computer-Peripheral 
Interfaces 


• Microprocessor 
System 
Interfaces 
• Ground Loop Elimination 
• Pulse Transformer 
Replacement 
• High Speed Line Receiver 


Description 
These small outline very high 
CMR, wide Vcc Logic gate 
optocouplers are single-channel 
devices in an industry 
standard 
SOIC-8 footprint. They are 
electrically equivalent to the 
following HP optocouplers: 


5.080 ± 0.005 
{0.200 ± 0005'1 


fT.ill!- 
U(O.06OI 


/ 


LEAD COPlANARITY 
± 0.051 
(0.002) 


HCPL·0201 
HCPL·0211 


Small Outline 
HCPL-0201 
HCPL-0211 
Standard 
DIP 
HCPL-2201 
HCPL-2211 


The SOIC-8 package does not 
require "through holes" in a 
PCB. This package occupies 
approximately 
one-third the 
footprint area of the standard 
dual-in-line 
package. The lead 
profile is designed to be compat- 
ible with standard 
surface 
mount processes. 


TYPE NUMBER 
(LAST 3 DIGITS) 
DATE CODE 


J 
1~28±o.o25 
T---=i ~ 
(0009 
± 0001 I 


0.152 ± 0.051 
I 


(0.006± 0.002) 
0.406 
MIN 
10.016) 


DIMENSIONS 
IN MIWMETRES 
AND (INCHES). 


The HCPL-0201l11 
are single- 
channel, 
optically-coupled 
logic 
gates. The detectors 
have totem 
pole output 
stages and optical 
receiver input stages with built- 
in Schmitt 
triggers 
to provide 
logic-compatible 
waveforms, 
eliminating 
the need for addi- 


tional waveshaping. 


A superior 
internal 
shield on 
the HCPL-0211 
guarantees 
common mode transient 
im- 
munity 
of 10,000 V/IJ.8 at a com- 
mon mode voltage of 1000 volts. 


The electrical 
and switching 
characteristics 
of the HCPL- 


0201111 are guaranteed 
from 


VCC2 
(+6V) 


DATA 
OUTPUT 
I 
'J~ : 
2 
l. 


VF 
i' 
- 
I 
3 
II 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
4.5 
20 
Volts 


Forward 
Input Current 
IF(oN) 
2.2* 
5 
rnA 


Forward 
Input Voltage 
VF(OFF) 
- 
0.8 
Volts 


Operating 
Temperature 
TA 
-40 
85 
°C 


Fan Out 
N 
4 
TTLLoads 


*2.2 mA condition 
includes 
an LED degradation 
guardband. 
Initial 
switching 


threshold 
is 1.6 mA or less. See Figure 
11. 


Absolute Maximum Ratings 
(No Derating 
Required 
up to 70°C) 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-40°C to +85°C 
Reflow Temperature 
Profile 
(See Figure 
15) 
Average Forward 
Input Current 
- IF""""""'"'''''''''''''''''''''''''' 
10 rnA 
Peak Transient 
Input Current 
- IF 
1 A 
(~1 ~s Pulse Width, 300 pps) 
Reverse Input Voltage 
5 V 
Supply Voltage - Vcc 
0.0 V min., 20 V max. 


Output 
Voltage - Vo 
-0.5 V min., 20 V max. 
Total Package 
Power Dissipation 
- P 
210 mWUl 
Average Output 
Current 
- 10........••..•.......••..•...•...•...•......•.......•. 
25 rnA 


6-37 


-40°C to +85°C and a Vcc from 
4.5 volts to 20 volts. Low IF and 
wide Vcc range allow compati- 
bility with TTL, LSTTL, and 
CMOS logic and result 
in lower 


power consumption 
compared 
to 


other high speed couplers. 
Logic 


signals are transmitted 
with a 
typical propagation 
delay of 
150 ns. 


• 


Electrical Specifications 
-40°C :5TA :585°C, 4.5 V:5 VCC:520 V, 1.6 mA:5 IF(ON):55 mA, 0 V :5VF(OFF):50.8 V, unless otherwise 
specified. All Typicals 
at TA = 25°C. See Note 6. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Logic Low Output 
VOL 
0.5 
Volts 
IOL= 6.4 mA (4 TTL Loads) 
2,4 
Voltage 


Logic High Output 
VOH 
2.4 
Volts 
IOH= -2.6 mA 
Vcc=4.5V 
3,4, 
Voltage 
8 
2.7 
Volts 
IOH= -0.4 mA 


Output 
Leakage 
IOHH 
100 
~ 
Vo=5.5V 
IF=5mA 
Current 
Vcc=4.5V 


(Your> Vcc) 
500 
~ 
Vo=20V 


Logic Low Supply 
ICCL 
3.7 
6.0 
mA 
Vcc = 5.5 V 
VF= OV 
Current 
10 = Open 


4.3 
7.0 
mA 
Vcc =20V 


Logic High Supply 
ICCH 
2.4 
4.0 
mA 
Vcc =5.5V 
IF=5mA 
Current 
10 = Open 
2.7 
5.0 
mA 
Vcc = 20V 


Logic Low Short 
IosL 
15 
mA 
Vo=Vcc=5.5V 
VF= OV 
2 
Circuit Output 
Current 
20 
mA 
Vo=Vcc=20V 


Logic High Short 
IosH 
-10 
mA 
Vcc=5.5V 
IF=5 
mA 
2 
Circuit 
Output 
Vo=GND 
Current 
-20 
mA 
Vcc = 20V 


Input Forward 
VF 
1.5 
1.7 
Volts 
TA = 25°C 
IF=5mA 
5 
Voltage 
1.85 
Volts 


Input Reverse 
BVR 
5 
Volts 
IR= 
10~ 
Breakdown 
Voltage 


Input Diode 
6.VF 
-1.7 
mV/oC 
IF=5mA 
Temperature 
Coefficient 
6.TA 


Input-Output 
\1so 
2500 
VRMS 
RH :550%; t = 1 min., 
3,7 
Insulation 
TA = 25°C 


Input-Output 
RI-o 
1012 
n 
VI-O= 500 VDC 
3 
Resistance 


Input-Output 
CI-O 
0:6 
pF 
f= 1 MHz, \1-0 = 0 VDC 
3 
Capacitance 


Input Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF= 0 V, 
Pins 2 and 3 


Switching Specifications 
-40°C:5 TA:5 85°C, 4.5 V:5 Vee:5 20 V, 1.6 mA:5 IF(oN):55 mA, 0 V:5 VF(OFF):50.8 V. All Typicals 
at 
TA =25°C, Vee = 5 V, IF(oN)= 3 mA unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay 
tpHL 
150 
ns 
Without 
Peaking 
Capacitor 
6, 7 
4 


Time to Logic Low 
With Peaking 
Capacitor 
Output 
Level 
150 
300 


Propagation 
Delay 
tpLH 
110 
ns 
Without 
Peaking 
Capacitor 
6, 7 
4 


Time to Logic High 
With Peaking 
Capacitor 
Output 
Level 
90 
300 


Output 
Rise Time 
t,. 
30 
ns 
6,9 
(10-90%) 


Output 
Fall Time 
tr 
7 
ns 
6,9 
(90-10%) 


Parameter 
Symbol 
Device 
Min. 
Units 
Test 
Conditions 
Fig. 
Note 


Logic High Common 
ICMHI 
HCPL-0201 
1,000 
V/lls 
IVcml =50V 
IF - 1.6 mA 
10 
5 
Mode Transient 
Vee=5V 
Immunity 
HCPL-0211 
10,000 
V/lls 
IVcml = 1000 V TA = 25°C 


Logic Low Common 
ICMLI 
HCPL-0201 
1,000 
V/lls 
IVcml =50V 
VF-OV 
10 
5 
Mode Transient 
Vee= 5V 
Immunity 
HCPL-02U 
10,000 
V/lls 
IVcml = 1000 V TA = 25°C 


Notes: 
1. Derate total package power dissipa- 


tion, P, linearly 
above 70°C free air 


temperature 
at a rate of 4.5 mW/"C. 
2. Duration 
of output 
short circuit time 
should not exceed 10 ms. 
3. Device considered 
a two terminal 


device: pins 1, 2, 3, and 4 shorted 
together, 
and pins 5, 6, 7, and 8 


shorted together. 
4. The tpLH propagation 
delay is 
measured 
from the 50% point on the 


leading edge of the input pulse to the 
1.3 V point on the leading edge of the 
output 
pulse. The tpHL propagation 
delay is measured 
from the 50% point 


on the trailing 
edge of the input pulse 
to the 1.3 V point on the trailing 
edge 
of the output 
pulse. 
5. CML is the maximum 
slew rate of the 
common mode voltage that can be 
sustained 
with the output voltage in 
the logic low state. Vo < 0.8 V. CMH is 
the maximum 
slew rate of the 


common mode voltage that can be 
sustained 
with the output voltage in 


the logic high state Vo > 2.0 V. 
6. Use of a 0.1 fl.F bypass capacitor 
connected between 
pins 5 and 8 is 


recommended. 


7. In accordance 
with UL 1577, each 


optocoupler 
is proof tested by 
applying an insulation 
test voltage 
~ 3000 V""" for 1 second (leakage 
detection current 
limit, I;~ s 5 !'A). • 
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Figure 
2. Typical Logic Low Output 
Voltage vs. Temperature. 
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Figure 
3. Typical Logic High Output 


Current 
VB. Temperature. 


Vcc" 
4.5 V 


fA'" 25°C 


10 "'-2.6 mA 


lo=6.4mA 


Figure 
4. Output 
Voltage vs. 
Forward 
Input 
Current. 


PULSE 
250 


Vcc '" sv 


" 
GENERATOR 
Cl(120pF)PEAKING 
CAPACITOR 
(mAl 


tA = tF -5 
n1 
IS USED. SEE FIGURE 6. 


f • 100kHz 
VCC 


10% 
DUTY 
5V 


I 
200 


CYCLE 
> 


Vo = 5 V 
~ 
1.• 
0 
z 
1.6- 
0 
150 
~ 


5 
":. 
f 
100 


I 
" 


THE 
PROBE 
AND 
JIG 
CAPACITANCES 


ARE 
INCLUDED 
IN 
Cl 
AND 
C2. 


RI 
2.15 Kn 
1.10 Kn 
681 n 


IF ION) 
1.6 mA 
3 mA 
5 mA 


ALL 
DIODES 
ARE 
lN916 
OR 
lN3064 


IF IONI 


INPUT 
IF -d-------350%" IFIONI 


--l 
~-+:-:VQlomA 


~~TPUT 
--.J----~----~:OL 


_ 
·0.1 "F BYPASS _ 


SEE NOTE 6. 


20 
100 


TYPICAL 


VOH 
Vi. Vcc 


AT '0" 
-2.6 mA 
80 
15 


TA 
= 25 


QC 
W~~ 
50 
~ 


10 
~ 
::i 
40 
~ 


I::- 
20 


V~C - 5 
1 
V 


0,- V 


I-. 
Of 


IVeMl 
r--\-V,. 
PEA"r-\. 
ov -./ 
"---./ 
~ 


SWITCH AT A: IF = 1.6 mA 


VOH~CMH 


OUTPUT 
SWITCH 
AT B: IF = 0 mA 


VO~ 


VOL 
CML 


·SEE NOTE 5,6 


Figure 
10. Test Circuit 
for Common 


Mode Transient 
Immunity 
and 
Typical Waveforms. 


Figure 
11. Typical 
Input 
Threshold 
Current 
vs. 
Temperature. 
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Figure 
14. Series LED Drive with Open Collector 
Gate 


(4.7 kn Resistor 
Shunts 
loa from the LED). • 


r'i;' HEWLETT 
~~ 
PACKARD 


LOW INPUT CURRENT 
HIGH SPEED 
OPTOCOUPLER 


_Ice 


vcc 


1000 n 
8 


'F 
I 
J-:- 
: 


VF 
_ 
7 


1 


3 
SHIElD./ 


A 0.1 ~F BYPASS CAPACITOR 
MUST 
BE 
CONNECTED 
BETWEEN 
PINS 8 AND 
5. (SEE NOTE 
1). 


• 
GUARANTEED 
LOW THRESHOLDS: 
IF = 0.5 mA, VF:5 
1.5 V 


• 
HIGH 
SPEED: 
GUARANTEED 
5 MBd 
OVER 
TEMPERATURE 


• 
VERSATILE: 
COMPATIBLE 
WITH 
TTL, 
LSTTL 
AND 
CMOS 


• 
MORE 
EFFICIENT 
820 nm AIGaAs 
LED 


• 
INTERNAL 
SHIELD 
FOR GUARANTEED 
COMMON 
MODE 
REJECTION 


• 
SCHOTTKY 
CLAMPED, 
OPEN 
COLLECTOR 
OUTPUT 
WITH 
OPTIONAL 
INTEGRATED 
PULL-UP 
RESISTOR 


• 
STATIC 
AND 
DYNAMIC 
PERFORMANCE 
GUARANTEED 
FROM 
-40·C 
TO SS·C 


• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 


PROGRAM 
OF U.L. (FILE 
NO. E55361) 
FOR 


DIELECTRIC 
WITHSTAND 
PROOF 
TEST 
VOLTAGES 


OF 2500 Vac, 1 MINUTE 


• 
CSA APPROVED 


Applications 


• 
GROUND 
LOOP 
ELIMINATION 


• 
COMPUTER-PERIPHERAL 
INTERFACES 


• 
LEVEL 
SHIFTING 


• 
MICROPROCESSOR 
SYSTEM 
INTERFACES 


• 
DIGITAL 
ISOLATION 
FOR AID, 
D/A 
CONVERSION 


• 
RS-232-C 
INTERFACE 


• 
HIGH 
SPEED, 
LONG 
DISTANCE 
ISOLATED 
LINE 
RECEIVER 


l1 


0.18 
(0.007) 


0.33 
(0.013) 
.- 
6.10 10.240) 


6.60 
(0.260) 
7.36 lO.290IL' 
7.88 (0.310) 
SOTYP. 


PIN 
~ 
2 
3 
4 
UL RECOGNITION 
t__ 
• 


ONE I I ':'..J 
r...::::-1.78 
10.070) MAX. 
1" 


~ 
~1.19 
(0.047) MAX. 
DIMENSIONS 
IN MILLIMETRES 
AND (INCHES) 


lfrn 


t 4.70:0.1851 MAX. 


I! 
I 
I 
~.51 
10.020) 


I 
MIN. 


r..J 
II 
2.92 
(O.llS) 
MIN. 
CATHODE 
3 


0.76 (0.0301 
I -l r-;~8~O~~~~i) 
MAX. 


1.40 (0.0551 
~ 
2.80 (0.1'0) 


Description 


The HCPL-2300 
optocoupler 
combines 
an 820 nm AIGaAs 


photon 
emitting 
diode with an integrated 
high gain photon 


detector. 
This 
combination 
of Hewlett-Packard 
designed 


and manufactured 
semiconductor 
devices 
brings 
new high 
performance 
capabilities 
to designers 
of isolated 
logic and 


data communication 
circuits. 


The new low current, 
high speed AIGaAs 
emitter 
manufac- 


tured 
with a unique 
diffused 
junction, 
has the virtue of fast 


rise and fall times at low drive currents. 
Figure 6 illustrates 


the propagation 
delay vs. input current 
characteristic. 
These 


unique 
characteristics 
enable this device to be used in an 


RS-232-C interface with ground 
loop isolation 
and improved 


common 
mode 
rejection. 
As a line 
receiver, 
the 
HCPL- 


2300 will operate 
over longer 
line lengths 
for a given 
data 


rate because of lower IF and VF specifications. 


The output 
of the shielded 
integrated 
detector 
circuit 
is an 


open 
collector 
Schottky 
clamped 
transistor. 
The 
shield, 


which 
shunts 
capacitively 
coupled 
common 
mode noise to 


ground, 
provides 
a guaranteed 
transient 
immunity 
specifi- 
cation 
of 100 VI!-,s. The output 
circuit 
includes 
an optional 


integrated 
1000 Ohm 
pull-up 
resistor 
for the open 
collec- 


tor. This 
gives designers 
the flexibility 
to use the internal 


resistor 
for pull-up 
to five volt 
logic 
or to use an external 


resistor 
for 18 volt CMOS 
logic. 


The Electrical 
and Switching 
Characteristics 
of the HCPL- 


2300 are guaranteed 
over a temperature 
range of -40°C 
to 


85°C. This enables 
the user to confidently 
design 
a circuit 


which 
will 
operate 
under 
a 
broad 
range 
of 
operating 


conditions. 


Recommended 
operating 


10.0 


f'25.C 
Conditions 
'F 
2~ 
Sym. 
Min. 
Max. 
Units 
1°~3 / 


Input 
Voltage, 
Low 
Level 
VFL 
-2.5 
0.8 
V 


Input 
Current 
10°C 
to 85°C 
0.5 
1.0 
IFH 
mA 
.High 
Level 
I-40°C 
to 85°C 
0.5 
0.75 
0.1 
/ 
Supply 
Voltage, 
Output 
Vcc 
4.75 
5.25 
V 


Fan Out (TTL 
Load) 
N 
5 
/ 
Operating 
Temperature 
TA 
-40 
85 
°C 
0,01 
, 
I 
, 


1.1 
1.2 
1.3 
I.' 


VF - 
FORWARD 
VOLTAGE 
- 
VOLTS 


Figure 2. 
Typical 
Input Diode Forward 
Characteristic. 


Absolute Maximum 
Ratings 


(No derating 
required) 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage 
Temperature 
Ts 
-55 
125 
°C 


Operating 
Temperature 
TA 
-40 
85 
°C 


Lead Solder 
Temperature 
260° C for 10 s. 11.6 mm below 
seating 
plane) 


Average 
Forward 
Input 
Current 
IF 
5 
mA 
See Note 2 


Reverse 
Input 
Voltage 
VR 
3.5 
V 


Supply 
Voltage 
Vcc 
0.0 
7.0 
V 


Pull-up 
Resistor 
Voltage 
VRL 
-0.5 
Vcc 
V 


Output 
Collector 
Current 
10 
-25 
25 
mA 


Input 
Power 
Dissipation 
PI 
10 
mW 


Output 
Collector 
Power 
Dissipation 
Po 
40 
mW 


Output 
Collector 
Voltage 
Vo 
-0.5 
18 
V 


Electrical specifications 
For -40°C 
~ TA ~ 85°C, 
4.75 V ~ Vcc ~ 5.25 V, VFL ~ 0.8 V, unless 
otherwise 
specified. 
All typicals 
at TA = 25°C, 
Vcc = 5 V, unless 
otherwise 
specified. 
See note 1. 


Parameter 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


High 
Level Output 
Current 
10H 
0.05 
250 
p.A 
VF = 0.8 V, Vo = 18 V 
4 


Low 
Level 
Output 
Voltage 
VOL 
0.4 
0.5 
V 
IF=0.5mA 
3 


10L (Sinking) 
= 8 mA 


High 
Level Supply 
Current 
ICCH 
4.0 
6.3 
mA 
IF = 0 mA, Vcc = 5.25 V 


Low 
Level Supply 
Current 
IccL 
6.2 
10.0 
mA 
IF = 1.0 mA, Vcc = 5.25 V 


1.0 
1.3 
1.5 
TA = 25°C I 
Input 
Forward 
Voltage 
VF 
0.85 
1.65 
Volts 
IF=1.0mA 
2 


Input 
Diode 
Temperature 
t:J.VF 


Coefficient 
t:J.TA 
-1.6 
mVioC 
IF= 1.0 mA 


Input 
Reverse 
Breakdown 
4.5 
TA = 25°C 
T 
Voltage 
BVR 
3.5 
Volts 
IR = 10p.A 


Input 
Capacitance 
C,N 
18 
pF 
VF = 0 V, f = 1 MHz 


Input-Output 
Insulation 
V1so 
2500 
VRMS 
RH ~ 50%, t = 1 min., TA = 25°C 
3,9 


Resistance 
(Input-Output) 
R,_o 
1012 
n 
V,-Q = 500 V 
3 


Capacitance 
(Input-Output) 
C,-o 
0.6 
pF 
f = 1 MHz 
3 


Internal 
Pull-up 
Resistor 
RL 
680 
1000 
1700 
Ohms 
TA = 25°C 


• 


For -40° C S; TA S; 85° C, 0.5 mA S; IFH S;0.75 mA; 
For 0° C S; TA S; 85° C, 0.5 mA S; IFHS; 1.0 mA; With 4.75 V S; Vcc 
S; 5.25 V, VFL S; 0.8 V, unless 
otherwise 
specified. 


All typicals 
at TA = 25°C, 
Vcc 
= 5 V, IFH = 0.625 mA, unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Figure 
Note 


Propagation 
Delay 
Time 
to 
95 
Cp= 
0 pF 
5,6,8 


Logic 
High 
Output 
Level 
tPLH 
ns 
4,8 


85 
160 
Cp= 
20 pF 
5,8 


Propagation 
Delay 
Time 
to 
110 
Cp = 0 pF 
5,6,8 


Logic 
Low 
Output 
Level 
tPHL 
ns 
5,8 


35 
200 
Cp= 
20 pF 
5,8 


Output 
Rise Time 
110-90%) 
tr 
40 
ns 
Cp= 
20 pF 


7,8 
8 


Output 
Fall Time 
(90-10%) 
tf 
20 
ns 


Common 
Mode 
ICMHI 
100 
400 
V/p.s 
VCM = 50 V (peak), 
9, 10 
6 


Transient 
Immunity 
Va (min.l 
= 2 V, 


at High 
Output 
Level 
RL = 500n, 
IF = 0 mA 


Common 
Mode 
ICMLI 
100 
400 
V/p.s 
VCM = 50 V (peak), 
9, 10 
7 


Transient 
Immunity 
Va (max.l = 0.8 V, 


at Low 
Output 
Level 
RL = 560n, 
IF = 0.5 mA 


1000 
150 
-;, 
Vec :5V 
Vcc '" 5 V 
RL "'560n 
I 
Vo -18 V 
CL '" 15 pF 
0- 


100 
VFL· 
0.8 V 
e 
i 


I 
> 


il 
~100 


0- 
10.0 
0 
::> 
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l': 
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::> 
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" 
" 
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'3 
0.1 
" 
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mA TO 0.75 mA, Cp" 20 pF 
tPHL 
I B 
-0.5 
mA,Cp" OpF 


C 
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Figure 3. Typical Output Voltage vs. 


Forward Input Current vs. 
Temperature. 
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D 
r-O.5 
mA TO 1.0 mA, Cp" 20 pF 
1- -0.5 
mA TO 0.75 mA, Cp" 20 pF 


tPLH 
E 
-O.5mA,c,,"' 
OpF 


F 
-1.0mA,Cp_OpF 


Figure 5. Typical Propagation Delay vs. 


Temperature and Forward 
Current With and Without 
Application of a Peaking 
Capacitor. 
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Vo 
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CL" 
NODE 


"CL 
IS APPROXIMATELY 


15 pF, 
WHICH 
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PROBE 
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STRAY 
WIRING 
CAPACITANCE. 
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Figure 9. Typical Common 
Mode Transient Immunity 
vs. 


Common 
Mode Transient Amplitude. 


OUTPUTVO 
MONITORING 
NODE 


SWITCH 
AT 
A: 
VF 
•• 0 V 


5V 
CMH 


- 
- 
- 
- 
Vo (MIN.)" 


SWITCH AT 
B: IF = 0.5 mA 


Vo 
0.5 V 
1\- - 
Vo (MAX.)" 


• 


of low 0.5 mA LED operating 
drive 
current 
at a 5 MBd 


speed 
performance. 
Low 
power 
supply 
current 
require- 


ment 
of 
10 
mA 
maximum 
and 
the 
ability 
to 
provide 
isolation 
between 
logic systems fulfills 
numerous 
applica- 


tions 
ranging 
from 
logic 
level translations, 
line 
receiver 
and 
party 
line 
receiver 
applications, 
microprocessor 
I/O 


port 
isolation, 
etc. The 
open 
collector 
output 
allows 
for 
wired-OR 
arrangement. 
Specific 
interface 
circuits 
are illus- 
trated 
in Figures 
11 through 
18 with 
corresponding 
com- 
ponent values, performance 
data and recommended 
layout. 


For -40°C 
to 85°C 
operating 
temperature 
range, 
a mid 
range 
LED 
forward 
current 
(IF) of 0.625 
mA 
is recom- 
mended 
in 
order 
to 
prevent 
overdriving 
the 
integrated 


circuit 
detector 
due 
to 
increased 
LED 
efficiency 
at 
temperatures 
between 
0° C 
and 
-40° C. 
For 
narrower 
temperature 
range of 0° C to 85° C, a suggested 
operating 
LED current 
of 0.75 mA is recommended 
for the mid range 


operating 
point and for minimal 
propagation 
delay skew. A 
peaking 
capacitance 
of 20 pF in parallel 
with the current 
limiting 
resistor 
for 
the 
LED 
shortens 
tPHL by approxi- 
mately 
33% and tPLH by 
13%. Maintaining 
LED forward 
voltage 
(VF) below 0.8 V will guarantee 
that the HCPL-2300 
output 
is off. 


The recommended 
shunt drive technique 
for TTL/LSTTLI 


CMOS 
of Figure 
11 provides 
for optimal 
speed perform- 
ance, no leakage 
current 
path through 
the LED, and re- 
duced 
common 
mode 
influences 
associated 
with 
series 
switching 
of a "floating" 
LED. Alternate 
series drive tech- 
niques with either an active CMOS inverter or an open col- 


13) at the expense of twice the operating 
forward 
current. 


An application 
of the HCPL-2300 
as an unbalanced 
line 


receiver for use in long line twisted 
wire pair communica- 


tion 
links is shown 
in Figure 
14. Low LED IF and VF allow 


longer 
line length, 
higher 
speed and multiple 
stations 
on 


the 
line 
in 
comparison 
to 
higher 
IF, VF optocouplers. 


Greater 
speed 
performance 
along 
with 
nearly 
infinite 


common 
mode 
immunity 
are achieved 
via the 
balanced 


split 
phase circuit 
of Figure 
15. Basic balanced 
(differen- 
tial line receiver can be accomplished 
with one HCPL-2300 


in Figure 
15, but with 
a typical 
400 VII's common 
mode 


immunity. 
Data rate versus 
distance 
for 
both 
the 
above 


unbalanced 
and 
balanced 
line 
receiver 
applications 
are 


compared 
in Figure 
16. The RS-232-C 
interface 
circuit 
of 


Figure 
17 provides 
guaranteed 
minimum 
common 
mode 


immunity 
of 100 VII's while 
maintaining 
the 2:1 dynamic 


range of IF. 


A 
recommended 
layout 
for 
use 
with 
an 
internal 
1000 


Ohms resistor or an external 
pull-up 
resistor and required 


Vcc bypass 
capacitor 
is given in Figure 
18. VCC1is used 


with 
an external 
pull-up 
resistor 
for output 
voltage 
levels 


(Vo) greater 
than or equal to 5 V. As illustrated 
in Figure 


18, an optional 
Vcc and GND trace can be located 
between 
the input and the output 
leads of the HCPL-2300 to provide 


additional 
noise immunity 
at the compromise 
of insulation 
capability 
(VI-o). 
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• OTHER 
DEVICES: 
MC3488A!B 
TI-pA9636A. 
"MAY 
BE REQUIRED 
ON OLDER 
VERSIONS 
OF pA9636A . 


••• 
SCHOTTKY 
DIODE 
(HP 5082-2800. 
OR EQUIVALENT). 


REFERENCE 
FIGURE 
16 FOR DATA RATE vs.lINE 
DISTANCE 
l. 


I 


REFERENCE 
FIGURE 
16 FOR DATA RATE vs. LINE DISTANCE 
L. 


FOR LESS SEVERE 
COMMON 
MODE INTERFERENCE 
ENVIRONMENTS, 
ONE HCPL-2300 
OPTOCOUPLER 
WITH 
NO EXCLUSIVE 
-OR 
FLIP FLOP 


CIRCUIT 
CAN BE USED FOR BALANCED 
LINE 
RECEIVER 
APPLICATIONS. 


Vo 
= VIN· 


HCPL-2300 
r-----------, 
I 
I 
I 
I 
I 


Figure 
15. Application 
of Two 
HCPL-2300 
Units 
Operating 
as an 
Isolated, 
High 
Speed, 
Balanced, 
Split 
Phase 
Line 
Receiver 
with 


Significantly 
Enhanced 
Common 
Mode 
Immunity. 
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'OM 
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'OK , 


10% PULSE 
WIDTH 
DISTORTION 


22 AWG 
UNSHIELDED 
TWISTED 
PAIR 
WIRE 
CABLE 


(DEARBORN 
NO. 862205) 


TA 
= 25°C 


Figure 
16. Typical 
Point 
to Point 
data Rate vs. Length 
of Line 


for 
Unbalanced 
(Figure 
14) and Balanced 
(Figure 
15) Line Receivers 
using 
HCPL-2300 
Optocouplers. 


{ 


EXTERNAL 


PULL-UP 
RESISTOR 


RS-232-e 
SIGNAL 
3 V - 
25 V 


-3V--25V 


Figure 
17. RS-232-C 
Interface 
Circuit 
with 
HCPL-2300. 


O·C < TA< 85·C. 


NOTES: 
1. 
Bypassing the power supply line is required with a 0.1 ,uFceramic disc 
capacitor adjacent to each optocoupler as illustrated in Figure 18. The 
power supply bus for the optocoupler(s) 
should be separate from-the 


bus for any active loads, otherwise a larger value of bypass capacitor 
(up to 0.1 ,uF)may be needed to suppress regenerative feedback via the 
power supply. 
2. 
Peaking circuits 
may produce transient 
input currents 
up to 100 mA, 


500 ns maximum 
pulse width, 
provided 
average current 
does not 
exceed 5 mA. 


3. 
Device considered 
a two terminal 
device: pins 1, 2, 3 and 4 shorted 


together, and pins 5, 6, 7 and 8 shorted together. 


4. 
The tPLH propagation 
delay is measured from the 50% point on the 
trailing 
edge of the input pulse to the 1.5 V point on the trailing 
edge 
of the output pulse. 
5. 
The tPHl propagation 
delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.5 V point on the leading edge 
of the output pulse. 
6. 
CMH is the maximum tolerable 
rate of rise of the common mode vol- 
tage to assure that the output 
will remain in a high logic state (i.e., 


Vour> 
2.0 Vl. 


7. 
CML is the maximum tolerable 
rate of fall of the common 
mode vol- 


tage to assure that the output 
will remain in a low logic state (i.e., 
Your < 0.8 VI. 


8. 
Cp is the peaking capacitance. Refer to test circuit in Figure 8. 


9. 
In accordance 
with UL 1577, each optocoupler 
is proof tested by 


applying 
an insulation 
test 
voltage 
~ 3000 
Vrms 
for 
1 second 
(leakage detection current limit, 1"0 $ 5 ~). 


rh~ HEWLETT 
~/' ..•• PACKARD 


20 M Baud High CMR Logic 
Gate Optocoupler 


Features 
• High Speed: 40 MBd 
Typical Data Rate 
• High Common Mode 
Rejection 
HCPL-2400: 10 kV/J.IS@ 
VCM = 50 V (typical) 
HCPL-2411: 10 kVJ.IS@ 
VCM = 300 V (typical) 
• AC Performance 
Guaran- 
teed over Temperature 


• Compatible 
with TIL, 
STIL, LSTIL, and HCMOS 
Logic Families 


• High Speed AlGaAs 


Emitter 


• Three State Output 
(No 
Pull-Up Resistor 
Required) 
• High Power Supply Noise 
Immunity 
• Recognized 
under 
the 
Component 
Program 
of 
UL. (File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltages of 2500 Vac, 1 
Minute 
• CSA Approved 
• MIL-STD-1772Version 
Available (HCPL-54001l) 


HCPL·2400 
HCPL·2411 


Applications 
• Isolation 
of High Speed 


Logic Systems 
• Computer-Peripheral 


Interfaces 
• Isolated 
Bus Driver 
(Net- 


working Applications) 


• Switching 
Power Supplies 


• Ground Loop Elimination 
• High Speed Disk Drive I/O 
• Digital Isolation 
for AID, 


D/A Conversion 
• Pulse Transformer 


Replacement 


1~:7:~: 
~I 
r- 


TYPE NUMBER 
t 


DATE CODE 
6.10 (.240) 
7.36 (.290) 6.60 (.260) 
7.88 (.310) 
_I 


UL 
I 
5· TVP. I 


2 
3 
4 
RECOGNITION 
_ 


I 


::.....I 1_1.18 {,0701 MAX. 
t 


--- 
1.19 (.047) MAX. 
DIMENSIONS IN MILLIMETRES AND (INCHES) 


LED 
ENABLE 
OUTPUT 


ON 
L 
L 
OFF 
L 
H 


ON 
H 
Z 
OFF 
H 
Z 


0.18 
(.007) 


0.33 {,0131l- 


I • 


Description 
The HCPL-2400/11 high speed 
optocouplers combine an 820 
nm AlGaAs light emitting diode 
with a high speed photo- 
detector. This combination 
results in very high data rate 
capability and low input 
current. The three state output 
eliminates the need for a pull- 
up resistor and allows for direct 
drive of data buses. The 


hysteresis provides differential 
mode noise immunity and 
minimizes the potential for 
output signal chatter. Improved 
power supply rejection mini- 
mizes the need for special power 
supply bypassing precautions. 


The electrical and switching 
characteristics 
ofthe HCPL- 
2400/11 are guaranteed 
over the 
temperature 
range of O°Cto 
70°C. 


Recommended Operating Conditions 


The HCPL-2400/11 are 
compatible with TTL, STTL, 
LSTTL, and HCMOS logic 
families. When Schottky type 
TTL devices (STIL) are used, a 
data rate performance of 20 
MBd over temperature 
is 


guaranteed 
when using the 
application circuit of Figure 12. 
Typical data rates are 40 MBd. 


Parameter 
Symbol 
Minimum 
Maximum 
Units 


Power Supply Voltage 
Vcc 
4.75 
5.25 
Volts 


Input Current (High) 
IF(oN) 
4 
8 
mA 


Input Voltage (Low) 
VF(OFF) 
- 
0.8 
Volts 


Enable Voltage (Low) 
VEL 
0 
0.8 
Volts 


Enable Voltage (High) 
VEH 
2.0 
Vcc 
Volts 


Operating Temperature 
TA 
0 
70° 
°C 


Fan Out 
N 
5 
TTL Loads 


Absolute Maximum Ratings 
(No derating required up to 85°C) 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Note 


Storage Temperature 
Ts 
-55 
125 
°C 


Operating Temperature 
TA 
-40 
85 
°C 


Lead Solder Temperature 
260°C for 10 s. (1.6 mm below seating plane) 


Average Forward Input Current 
IF 
10.0 
mA 


Peak Forward Input Current 
IFPK 
20.0 
mA 
9 


Reverse Input Voltage 
VR 
2.0 
V 


Supply Voltage 
Vcc 
0 
7.0 
V 


Three State Enable Voltage 
VE 
-0.5 
10.0 
V 


Average Output Collector Current 
10 
-25.0 
25.0 
mA 


Output Collector Voltage 
Vo 
-0.5 
10.0 
V 


Output Collector Power Dissipation 
Po 
40.0 
mW 


Electrical Specifications 
For O°C ~ TA ~ 70°C, 4.75 V ~ Vcc ~ 5.25 V, 4 mA ~ IF(oN) ~ 8 mA, 2.0 V ~ VEH ~ 5.25, 0 V ~ VEL ~ 0.8 V, 
o V ~ VF(OFF) ~ 0.8 V except where noted. All typicals at TA = 25°C, Vcc = 5 V, IF(oN) = 6.0 mA, 
VF(OFF) = 0 V except where noted. See Note 9. 


Parameter 
Symbol 
Min. 
Typ. 
Mall:. 
Units 
Test 
Conditions 
Fig. 
Note 


Logic Low Output 
Voltage 
VOL 
0.5 
Volts 
IoL = 8.0 mA (5 'ITL Loads) 
1 


Logic High Output 
Voltage 
VOH 
2.4 
Volts 
IoH = -4.0 mA 
2 


Output 
Leakage 
Current 
IoHH 
100 
I!A 
Vo=5.25V 
VF= 0.8V 


Logic High Enable 
Voltage 
VEH 
2.0 
Volts 


Logic Low Enable 
Voltage 
VEL 
0.8 
Volts 


Logic High Enable 
Current 
IEH 
20 
I!A 
VE- 2.4 V 


100 
I!A 
VE=5.25V 


Logic Low Enable 
Current 
IEL 
-0.28 
-0.4 
mA 
VE= 0.4 V 


Logic Low Supply 
Current 
IeCL 
19 
26 
mA 
Vcc= 5.25V 


Logic High Supply 
Current 
IeCH 
17 
26 
rnA 
VE = 0 V, Io = Open 


High Impedance 
State 
Iecz 
22 
28 
mA 
Vcc= 5.25 V 
Supply 
Current 
VE= 5.25 V 


High Impedance 
State 
IOZL 
20 
I!A 
Vo= 0.4 V 
VE=2V 
Output 
Current 
IozH 
20 
I!A 
Vo= 2.4 V 


IozH 
100 
I!A 
Vo = 5.25 V 


Logic Low Short 
Circuit 
IoSL 
52 
mA 
Vo= Vcc=5.25V, 
IF = 8 mA 
1 
Output 
Current 


Logic High Short 
Circuit 
IoSH 
-45 
mA 
Vcc= 5.25 V, 
IF= 0mA, 
1 
Output 
Current 
Vo=GND 


Input 
Current 
Hysteresis 
IHYS 
0.25 
mA 
Vcc= 5V 
3 


Input 
Forward 
Voltage 
VF 
1.1 
1.3 
1.5 
Volts 
TA = 25°C 
IF= 8mA 
4 
- 
- 
1.0 
1.55 


Input 
Reverse 
Breakdown 
BVR 
3.0 
5.0 
Volts 
TA= 25°C 
IR = 10 I!A 
Voltage 
- 
2.0 


Input 
Diode Temperature 
tNF 
-1.44 
mV/OC 
IF= 6mA 
4 
Coefficient 
.1.TA 


Input-Output 
Insulation 
V1SO 
2500 
VRMS RH ~ 50%, t = 1 min 
2, 10 
TA= 25°C 


Input-Output 
,Resistance 
RI-O 
1012 
Q 
VI-O= 500 VDC 
2 


Input-Output 
Capacitance 
CI-O 
0.6 
pF 
f = 1 MHz, '1.0 = 0 VDC 
2 


Input 
Capacitance 
C1N 
20 
pF 
f = 1 MHz, VF = 0 V, 
Pins 2 and 3 
• 


Switching Specifications 
O°Cs TA S 70°C, 4.75 V S Vcc S 5.25 V, 0.0 V S VEN S 0.8 V, 4 mA S IF S 8.0 mA All typicals Vcc = 5 V, 
TA = 25°C, IF = 6.0 mA except where noted. 


Parameter 
Symbol 
MiD. Typ. 
Max. Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay 
tpHL 
55 
ns 
IFloNl 
= 7.0 mA 
5,6,7 
4 
Time to Logic Low 
Output 
Level 
15 
33 
60 
ns 
5,6,7 
3 


Propagation 
Delay 
tpUl 
55 
ns 
IFlONl = 7.0 mA 
5,6,7 
4 
Time to Logic High 
Output 
Level 
15 
30 
60 
ns 
5,6,7 
3 


Pulse Width 
ItpHL-tpUlI 
2 
15 
ns 
IFlONl = 7.0 mA 
5,8 
4 
Distortion 
3 
25 
ns 
5,8 


Propagation 
Delay 
tpsK 
35 
ns 
Per Notes & Text 
14,15 
6 
Skew 


Output 
Rise Time 
t, 
20 
ns 
5 


Output 
Fall Time 
tr 
10 
ns 
5 


Output 
Enable 
Time 
tpzH 
15 
ns 
9, 10 
to Logic High 


Output 
Enable 
Time 
tpzL 
30 
ns 
9, 10 
to Logic Low 


Output 
Disable 
Time 
tpllZ 
20 
ns 
9, 10 
from Logic High 


Output 
Disable 
Time 
tpLZ 
15 
ns 
9, 10 
from Logic Low 


Logic High Common 
ICMHI 2400 
1000 
10,000 
VlIlS 
VCM= 50V 
TA = 25°C, 
11 
6 
Mode Transient 
Iy=OmA 
Immunity 
2411 
1000 
10,000 
Vllls 
VCM= 300 V 


Logic Low Common 
ICMLI 2400 
1000 
10,000 
Vllls 
VCM= 50V 
TA= 25°C, 
11 
6 
Mode Transient 
Iy=4mA 
Immunity 
2411 
1000 
10,000 
V/lls 
VCM= 300 V 


Power Supply 
Noise 
PSNI 
0.5 
V,,"p 
Vcc=5.0V, 
7 
Immunity 
48 Hz s FACs 
50 MHz 


Notes: 


1. Duration 
of output 
short 
circuit 
time 


not to exceed 
10 IDS. 


2. Device 
considered 
a two terminal 


device: pins 
1-4 shorted 
together, 


and pins 5-8 shorted 
together. 


3. tpHL propagation 
delay is measured 


from the 50% level on the rising 
edge 
of the input 
current 
pulse 
to the 
1.5 V level on the falling 
edge of the 
output 
pulse. 
The tpLH propagation 
delay is measured 
from the 50% 


level on the falling 
edge of the input 
current 
pulse 
to the 
1.5 V level on 
the rising 
edge of the output 
pulse. 
4. This specification 
simulates 
the 
worst 
case operating 
conditions 
of 


the HCPL-2400/11 
over the recom- 
mended 
operating 
temperature 
and 
Vcc range 
with the suggested 
applications 
circuit 
of Figure 
12. 
5. Propagation 
delay skew is discussed 
later 
in this data 
sheet. 


6. CMH is the maximu';' 
slew rate 
of 
common 
mode voltage 
that 
can be 
sustained 
with the output 
voltage 
in 
the logic high state 
<VO()IIN)> 2.0 V). 


CML is the maximum 
slew rate 
of 
common 
mode voltage 
that 
can be 
sustained 
with the output 
voltage 
in 
the logic low state 
<VO(MAX)< 0.8 V). 
7. Power 
Supply 
Noise Immunity 
is the 
peak to peak 
amplitude 
of the ac 
ripple 
voltage 
on the Vcc line that 


the device will withstand 
and still 


remain 
in the desired 
logic state. 
For 


desired 
logic high state, 
VOH(JolIN)> 


2.0 V, and for desired 
logic low state, 


VOL(lllAX)< 0.8 volts. 


8. Peak 
Forward 
Input 
Current 
pulse 


width < 50 IU' at 1 KHz maximum 
repetition 
rate. 


9. Use of a 0.111F bypass 
capacitor 


connected 
between 
pins 5 and 8 is 


recommended. 


10. In accordance 
with UL1577, 
each 


optocoupler 
is proof tested 
by 


applying 
an insulation 
test voltage 


~ 3000 Vrms 
for one second 
(leakage 


detection 
current 
limit, 
11-0 ;;; 5 ~). 
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Figure 
1. Typical 
Logic Low Output 
Voltage 
V8. Logic Low Output 
Current. 
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Figure 
6. Typical 
Propagation 
Delay 


V8. Ambient 
Temperature. 
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Figure 
2. Typical 
Logic High Output 
Voltage 
V8. Logic High Output 
Current. 
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Figure 
3. Typical 
Output 
Voltage 
V8. 


Input 
Forward 
Current. 
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Figure 
7. Typical 
Propagation 
Delay 


V8. Input 
Forward 
Current. 


Figure 
8. Typical 
Pulse Width 
Distortion 
V8. Ambient 
Temperature. 
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Figure 
10. Typical Enable 
Propagation 


Delay vs. Ambient 
Temperature 
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Figure 
11. Test Diagram 
for Common Mode Transient 


Immunity 
and Typical 
Waveforms. 
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Propagation Delay, 
Pulse- Width Distortion 
and Propagation Delay 
Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high 
(tpLH) is the amount of time 
required for an input signal to 
propagate to the output, causing 
the output to change from low to 
high. Similarly, the propagation 
delay from high to low (tpHL) is 
the amount of time required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 5). 


Pulse-width distortion (PWD) 
results when tpLH and tpHL 
differ in value. PWD is defined 
as the difference between tpLH 
and tPHL and often determines 
the maximum data rate capabil- 
ity of a transmission 
system. 


PWD can be expressed in 
percent by dividing the PWD (in 
ns) by the minimum pulse width 
(in ns) being transmitted. 
Typically, PWD on the order of 
20-30% of the minimum pulse 
width is tolerable; the exact 


figure depends on the particular 
application (RS232, RS422, T-l, 
etc.). 


Propagation delay skew, tPSK, is 
an important parameter 
to 
consider in parallel data appli- 
cations where synchronization 
of signals on parallel data lines 
is a concern. If the parallel data 
is being sent through a group of 
optocouplers, differences in 
propagation delays will cause 
the data to arrive at the outputs 
ofthe optocouplers at different 
times. If this difference in 
propagation 
delays 
is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation delay skew is 
defined as the difference 
between the minimum and 
maximum propagation delays, 
either tpLH or tpHL, for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same drive 
current, supply voltage, output 
load, and operating tempera- 
ture). As illustrated 
in Figure 
14, if the inputs of a group of 
optocouplers are switched either 


ON or OFF at the same time, 
tpSK is the difference between 
the shortest propagation delay, 
either tpLH or tpHL• and the 
longest propagation delay, 
either tpLH or tpHL. 


As mentioned earlier, tpsK can 
determine the maximum 
parallel data transmission 
rate. 


Figure 15 is the timing diagram 
of a typical parallel data appli- 
cation with both the clock and 
the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and outputs 
of the optocouplers. To obtain 
the maximum data transmission 
rate. both edges of the clock 
signal are being used to clock 
the data; if only one edge were 
used, the clock signal would 
need to be twice as fast. 


Propagation delay skew repre- 
sents the uncertainty 
of where 


an edge might be after being 
sent through an optocoupler. 
Figure 15 shows that there will 
be uncertainty 
in both the data 


and the clock lines. It is 
important that these two areas 
of uncertainty 
not overlap, 


otherwise the clock signal might 
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arrive before all ofthe data 
outputs have settled, or some of 
the data outputs may start to 
change before the clock signal 
has arrived. From these consid- 
erations, the absolute minimum 
pulse width that can be sent 
through optocouplers in a 
parallel application is twice 
tPSK' A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty 
in the rest of the 


circuit does not cause a 
problem. 


The HCPL-2400/11 optocouplers 
offer the advantages 
of 
guaranteed 
specifications for 
propagation delays, pulse-width 
distortion, and propagation 
delay skew over the recom- 
mended temperature, 
input 


current, and power supply 
ranges. 


Application Circuit 
A recommended LED drive 
circuit is shown in Figure 12. 
This circuit utilizes several 
techniques to minimize the total 
pulse-width distortion at the 
output of the optocoupler. By 
using two inverting TTL gates 
connected in series, the inherent 
pulse-width distortion of each 
gate cancels the distortion of the 
other gate. For best results, the 
two series-connected gates 
should be from the same 
package. 


The circuit in Figure 12 also 
uses techniques known as pre- 
bias and peaking to enhance the 
performance of the optocoupler 
LED. Prebias is a small forward 
voltage applied to the LED 
when the LED is off.This small 
prebias voltage partially 
charges the junction capacitance 


of the LED, allowing the LED to 
turn on more quickly. The speed 
of the LED is further increased 
by applying momentary current 
peaks to the LED during the 
turn-on and turn-off transitions 
of the drive current. These peak 
currents help to charge and 
discharge the capacitances of 
the LED more quickly, shorten- 
ing the time required for the 
LED to turn on and off. 


Figure 
17. Typical 
HCPL·2400/11 
Output 
Schematic. 
• 


Switching performance of the 
HCPL-2400/11 optocouplers is 
not sensitive to the TTL logic 
family used in the recommended 
drive circuit. The typical and 
worst-case switching param- 
eters given in the data sheet can 
be met using common 74LS TTL 
inverting gates or buffers. Use 
offaster TTL families will 
slightly reduce the overall 
propagation 
delays from the 
input ofthe drive circuit to the 


output ofthe optocoupler, but 
will not necessarily result in 
lower pulse-width distortion or 
propagation delay skew. This 
reduction in overall propagation 
delays is due to shorter delays 
in the drive circuit, not to 
changes in the propagation 
delays of the optocoupler; opto- 
coupler propagation delays are 
not affected by the speed of the 
logic used in the drive circuit. 
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Features 


• 
CSA APPROVED 


• 
HIGH SPEED: 40 MBd TYPICAL 
DATA RATE 


• 
HIGH COMMON 
MODE REJECTION 
- 
1000 Vlp.sGUARANTEED 
MINIMUM 
COMMON 
MODE TRANSIENT 
IMMUNITY 


• 
AC PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 


• 
COMPATIBLE 
WITH TTL, STTL, LSTTL, AND 
HCMOS 
LOGIC 
FAMILIES 


• 
HIGH 
SPEED AIGaAs EMITTER 


• 
TOTEM 
POLE OUTPUT 
(NO PULLUP 
RESISTOR 
REQUIRED) 


• 
HIGH 
POWER SUPPLY NOISE IMMUNITY 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES OF 2500 Vae, 1 MINUTE 


• 
MIL-STD-1772 
VERSION 
AVAILABLE 
(HCPL-5430/1) 


Applications 


• 
ISOLATION 
OF HIGH SPEED LOGIC 
SYSTEMS 


• 
COMPUTER-PERIPHERAL 
INTERFACES 


• 
SWITCHING 
POWER SUPPLIES 


• 
GROUND 
LOOP ELIMINATION 


• 
HIGH 
SPEED DISK DRIVE I/O 


• 
DIGITAL 
ISOLATION 
FOR AID, D/A 
CONVERSION 


• 
PULSE TRANSFORMER 
REPLACEMENT 


0.18 (.007) 
0.33 fOf3) 1- 
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Description 


The HCPL-2430 
high speed optocoupler 
combines 
an 820 


nm AIGaAs 
LED with 
a high 
speed 
photo 
detector. 
This 


combination 
results 
in very high 
data rate capability 
and 


low 
input 
current. 
The totem 
pole 
output 
eliminates 
the 


need for a pull-up 
resistor. 


The detectors 
have totem 
pole output 
stages 
and optical 


receiver input stages with built-in Schmitt triggers to provide 
logic compatible 
waveforms, 
eliminating 
the need for addi- 


tional 
waveshaping. 
Improved 
power supply 
rejection 
min- 


imizes the need for special power supply 
bypassing 
precau- 


tions; 
however, 
it 
is still 
recommended 
as good 
design 


'practice. 


The electrical 
and switching 
characteristics 
of the HCPL- 


2430 are guaranteed 
over the temperature 
range of O°C to 


70°C. 
The 
HCPL-2430 
is compatible 
with 
TTL, 
STTL, 
LSTTL 


and 
HCMOS 
logic 
families. 
A data 
rate 
performance 
of 


20 MBd 
over temperature 
is guaranteed 
when 
using 
the 


application 
circuit 
of 
Figure 
10. Typical 
data 
rates 
are 


40 MBd. 
• 


Recommended operating 
conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply 
Voltage 
Vcc 
4.75 
5.25 
Volts 


Input Current 
(High) 
IF(ON) 
4 
8 
mA 


Input Voltage (Low) 
VF(OFF) - 
0.8 
Volts 


Operating 
Temperature 
TA 
0 
70° 
°C 


Fan Out 
N 
5 
TTL 
Loads 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Storage 
Temperature 
Ts 
-55 
125 
°C 


Operating 
Temperature 
TA 
-40 
85 
°C 


Lead Solder 
Temperature 
260°C 
lor 
10 s. (1.6 mm below 
seating 
plane) 


Average 
Forward 
Input 
Current 
IF 
10.0 
mA 


Peak Forward 
Input 
Current 
IFPK 
20.0 
mA 
10 


Reverse 
Input 
Voltage 
VR 
3.0 
V 


Supply 
Voltage 
Vee 
0 
7.0 
V 


Total 
Package 
Power 
Dissipation 
P 
350 
mW 
11 


Average 
Output 
Collector 
Current 
10 
-25.0 
25.0 
mA 


Output 
Collector 
Voltage 
Vo 
-05 
10.0 
V 


Output 
Collector 
Power 
Dissipation 
Po 
40.0 
mW 


Electrical Specifications 


For O°C S TA S 70°C, 4.75 V S Vee S 5.25 V, 4 mA S IF(ON) S 8 mA, 0 V S VF(OFF) S 0.8 V except 
where 
noted. 
All Typicals 
at TA = 25°C, Vee = 5 V, IF(ON) = 6.0 mA, VF(OFF) = 0 V except 
where 
noted. 
See note 
12. 


Parameter 
Symbol 
Min. 
Typ.' 
Max. 
Units 
Test Conditions 
Fig. 
Notes 


Logic 
Low 
Output 
Voltage 
VOL 
0.5 
Volts 
10l = 8.0 mA (5 TTL 
Loads) 
1,3 
1 


Logic 
High 
Output 
Voltage 
VOH 
2.4 
Volts 
10H = -4.0 
mA 
2,3 
1 
2.7 
10H = -0.4 
mA 


Output 
Leakage 
Current 
10HH 
100 
p.A 
Vo = 5.25 V 
VF = 0.8 V 
1 


Logic 
Low Supply 
Current 
leel 
34 
46 
mA 
Vcc = 5.25 
V, 10= OPEN 
12 
Logic 
High 
Supply 
Current 
leeH 
32 
42 
mA 


Logic 
Low Short 
Circuit 


losl 
60 
mA 
Vo = Vee = 5.25 V 
IF = 8 mA 
1,2 
Output 
Current 


Logic 
High 
Short 
Circuit 
10SH 
-51 
mA 
Vee = 5.25 V 
IF = 0 mA, 
1,2 
Output 
Current 
Vo = GND 


1.10 
1.50 
TA = 25°C 
Input 
Forward 
Voltage 
VF 
I-- 
1.3 - 
Volts 
IF = 8 mA 
4 
1 
1.0 
1.55 


Input 
Reverse 
Breakdown 
Voltage 
3.0 
TA = 25°C 
BVR 
I-- 
5 
Volts 
IR = 10 p.A 
1 
2.0 


Input 
Diode 
Forward 
Voltage 
f),.VF 


-1.34 
mvrc 
IF = 6 mA 
Temperature 
Coefficient 
f),.TA 
4 


Input-Output 
Insulation 
VISO 
2500 
VRMS 
RH S 50%, t = 1 min. 
3, 13 
TA = 25°C 


Resistance 
Input-Output 
RI-o 
1012 
ohms 
VI-O = 500 Vdc 
3 


Capacitance 
Input-Output 
CI-O 
06 
pF 
I = 1 MHz, VI-O = 0 Vdc 
3 


Input 
Capacitance 
CIN 
20 
pF 
I = 1 MHz, VF = 0 V, Pins 2 and 3 


Input-I 
nput 
Insulation 
IH 
0.005 
p.A 
Relative 
Humidity 
= 45% 
11 
Leakage 
Current 
t = 5 s, V I_I = 500 V 


Resistance 
(Input-Input) 
RI_I 
1011 
n 
VI_I = 500 V 
11 


Capacitance 
(Input-Input) 
CI_I 
0.25 
pF 
1=1 
MHz 
11 


Switching specifications 


O°C:S TA:s 70°C, 4.75 V:S VCC:S5.25 v, 4 mA:S IF:S 8.0 mA. All Typicals 
Vcc = 5 V, TA = 25°C, IF = 6.0 mA 


unless otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay Time to 
tpHL 
33 
60 
ns 
5,6,7 
1,4 
Logic 
Low Output 
Level 


Propagation 
Delay Time to 
tpLH 
30 
60 
ns 
5,6,7 
1,4 
Logic High Output 
Level 


Pulse Width 
Distortion 
!tPHL-tpLHI 
5 
25 
ns 
5, 8 


Propagation 
Delay Skew 
tpSK 
35 
ns 
Per notes & text 
11, 12 


Output 
Rise Time 
tr 
12 
ns 
5 


Output 
Fall Time 
tf 
10 
ns 
5 


Logic 
High Common 
Mode 
ICMHI 
1000 
10,000 
Vlp.s 
TA = 25°C, IF = 0, VCM= 50 V 
g 
7 
Transient 
Immunity 


Logic Low Common 
Mode 
ICML! 
1000 
10,000 
Vlp.s 
TA = 25°C, IF = 4 mA, 
g 
7 
Transient 
Immunity 
VCM= 50V 


Power Supply 
Noise 
PSNI 
0.5 
Vp_p 
Vcc = 5.0 V, 
8 
Immunity 
48 Hz:s FAc:S50 MHz 


Notes: 
1. Each channel. 
2. Duration of output short circuit time should not exceed 10 ms. 
3. Device considered 
a two terminal device: pins 1, 2, 3 and 4 
shorted together, and pins 5, 6, 7 and 8 shorted together. 


4. The tPLHpropagation 
delay is measured from the 50% point 
on the leading edge of the input pulse to the 1.3 V point on 
the leading edge of the output pulse. The tpHL propagation 
delay is measured from the 50% point on the trailing edge of 
the input pulse to the 1.3 V point on the trailing edge of the 
output puise. 
5. The typical data shown is indicative of what can be expected 
using the application circuit in Figure 11. 


6. Propagation deiay skew is discussed later in this data sheet. 


7. CMH is the maximum slew rate of common mode voltage that 
can be sustained with the output voltage in the logic high state 
(VOIMINI> 2.0 V). CML is the maximum slew rate of common 
mode voltage that can be sustained with the output voltage in 
the logic low state (VOIMAX)< 0.8 V). 


8. Power Supply Noise Immunity is the peak to peak amplitude of 


the ac ripple voltage on the Vcc line that the device will with- 
stand and still remain in the desired logic state. For desired 
logic high state, VOH(MINI> 2.0 V, and for desired logic low 
state, (VOL(MAX)< 0.8 V). 


9. Peak Forward Input Current 
pulse width 
< 50 IJ.Sat 1 KHz 


maximum repetition rate. 


10. Derate power dissipation above 70°C at 6.0 rriW/oC. 
11. Measured between pins 1 and 2, shorted together, and pins 3 


and 4, shorted together. 


12. Use of a 0.1 IJ.Fbypass capacitor connected between pins 5 


and 8 is recommended. 


13. In accordance w~h UL 1577, each optocoupler 
is proof 


tested by applying an insulation test vo~age ~ 3000 V,m. 
lor 1 second (leakage detection current lim~, I,-o~5 /loA). 
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Figure 1. Typical Logic Low Output Voltage vs. 
Figure 2. Typical Logic High Output Voltage vs. 


Logic Low Output Current 
Logic High Output Current 
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Figure 3. Typical Output Voltage vs. 
Figure 4. Typical Diode Input Forward 


Input Forward Current 
Current Characteristic 
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Figure 6. Typical Propagation Delay vs. 


Ambient Temperature 


tPHL 


:"" ---- 


tpLH 
--- 


40 


35 


I 
~ 
30 
cz0 
!i" 
25 
~ 
c 
g: 
I 
20 


". 


Figure 
7. Typical 
Propagation 
Delay 
vs. 


Input 
Forward 
Current 


0.1 
IlF• 
OUTPUT 
Vo 


MONITORING 


NODE 


I\~VOMAX.·· 


VOL 
-./ 
\~. 
_ 


SWITCH 
AT 
B: 
IF 
·4 
mA 


"MUST 
BE LOCATED 
< , em 
FROM 
DEViCE 
UNDER 
TEST. 


"SEE 
NOTE 
7. 


I CL 
IS APPROXIMATEL 
Y 
15 
pF. 
WHICH 
INCLUDES 
PROBE 
AND 
STRAY 
WIRING 
CAPACITANCE. 


Figure 
9. Test Diagram 
for Common 
Mode 
Transient 
Immunity 


and Typical 
Wavetorms 


25 


~ 
20 
I 


Z0 
i=~x 
15 
~~ 
c" 
J: x 
'0 
I-~ 
c-~ 
w 
'"-' 
;;> 
"- 
---- " 
-" 


,-----------------1 


I 
's 
, 


1 
0.1 "' 
TYPICAL 


I 
15 


1"::" I 
I 
L 
~ 


• 


Propagation 
Delay, 
PUlse-Width Distortion 
and 
Propagation Delay Skew 


Propagation 
delay is a figure of merit which describes 
how 
quickly 
a logic 
signal 
propagates 
through 
a system. 
The 
propagation 
delay from 
low to high (tpLH) is the amount 
of 
time required 
for an input signal to propagate 
to the output, 
causing 
the output 
to change 
from 
low to high. Similarly, 


the propagation 
delay from high to low (tpHLl is the amount 
of time 
required 
for the 
input 
signal 
to propagate 
to the 
output, 
causing 
the output 
to change from high to low (see 
Figure 5). 


Pulse-width 
distortion 
(PWD) 
results 
when 
tpLH and tpHL 
differ 
in value. 
PWD is defined 
as the difference 
between 
tpLH and tpHL and often determines 
the maximum 
data rate 


capability 
of a transmission 
system. PWD can be expressed 
in percent 
by dividing 
the 
PWD (in ns) by the 
minimum 
pulse 
width 
(in ns) being 
transmitted. 
Typically, 
PWD on 


the order 
of 20-30% of the minimum 
pulse width 
is tolera- 


ble; the exact figure 
depends 
on the particular 
application 


(RS232, RS422, T-1, etc.). 


Propagation 
delay skew, tpSK, is an important 
parameter 
to 
consider 
in parallel 
data applications 
where 
synchroniza- 


tion 
of signals 
on parallel 
data 
lines 
is a concern. 
If the 
parallel 
data is being sent through 
a group of optocouplers, 


differences 
in propagation 
delays 
will 
cause 
the 
data 
to 
arrive at the outputs 
of the optocouplers 
at different 
times. 
If this difference 
in propagation 
delays 
is large enough, 
it 


will determine 
the maximum 
rate at which 
parallel data can 
be sent through 
the optocouplers. 


Propagation 
delay skew is defined as the difference 
between 


the minimum 
and maximum 
propagation 
delays, either tpLH 
or tpHL, for 
any 
given 
group 
of optocouplers 
which 
are 
operating 
under 
the same conditions 
(Le., the same drive 
current, 
supply 
voltage, output 
load, and operating 
temper- 


ature). 
As illustrated 
in Figure 
11, if the inputs 
of a group 


of optocouplers 
are switched 
either ON or OFF at the same 


time, tpSK is the difference 
between 
the shortest 
propaga- 
tion delay, either tpLH or tpHL, and the longest 
propagation 


delay, either tpLH or tpHL. 


As 
mentioned 
earlier, 
tpSK can 
determine 
the 
maximum 


parallel 
data transmission 
rate. Figure 
12 is the timing 
dia- 


gram 
of a typical 
parallel 
data application 
with 
both 
the 


clock 
and the data lines being sent through 
optocouplers. 


The figure 
shows 
data and clock 
signals 
at the inputs 
and 


outputs 
of the optocouplers. 
To obtain 
the maximum 
data 


transmission 
rate, both edges of the clock signal 
are being 


used to clock 
the data; 
if only 
one edge were 
used, the 


clock signal would 
need to be twice as fast. 


Propagation 
delay skew represents the uncertainty 
of where 


an edge might 
be after being sent through 
an optocoupler. 


Figure 
12 shows 
that there will 
be uncertainty 
in both the 


data and the clock lines. It is important 
that these two areas 


of uncertainty 
not overlap, otherwise 
the clock signal might 


arrive before all of the data outputs 
have settled, or some of 


the 
data 
outputs 
may 
start 
to 
change 
before 
the 
clock 


signal 
has arrived. 
From these considerations, 
the absolute 


minimum 
pulse width 
that can be sent through 
optocoup- 


lers in a parallel application 
is twice tpSK. A cautious 
design 


should 
use a slightly 
longer 
pulse width 
to ensure that any 


additional 
uncertainty 
in the 
rest of the 
circuit 
does 
not 


cause a problem. 


The 
HCPL-2430 
optocoupler 
offers 
the 
advantages 
of 


guaranteed 
specifications 
for 
propagation 
delays, 
pulse- 


width 
distortion 
and 
propagation 
delay 
skew 
over 
the 


recommended 
temperature, 
input current, and power supply 


ranges. 
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A recommended 
LED drive circuit 
is shown 
in Figure 
10. 
This 
circuit 
utilizes 
several 
techniques 
to 
minimize 
the 


total 
pulse-width 
distortion 
at the 
output 
of 
the 
opto- 


coupler. 
By using 
two 
inverting 
TTL 
gates connected 
in 


series, 
the 
inherent 
pulse-width 
distortion 
of each 
gate 


cancels 
the distortion 
of the other 
gate. For best results, 
the two series-connected 
gates should 
be from the same 
package. 


The circuit 
in Figure 
10 also 
uses techniques 
known 
as 
pre bias and peaking 
to enhance 
the performance 
of the 


optocoupler 
LED. Prebias is a small forward 
voltage applied 


to the LED when the LED is off. This small pre bias voltage 
partially 
charges 
the 
junction 
capacitance 
of 
the 
LED, 
allowing 
the LED to turn 
on more quickly. 
The speed of 
the 
LED 
is 
further 
increased 
by 
applying 
momentary 


current 
peaks to the LED during 
the turn-on 
and turn-off 


transistions 
of the drive current. 
These peak currents 
help 


to 
charge 
and 
discharge 
the 
capacitances 
of the 
LED 


more quickly, 
shortening 
the time required 
for the LED to 


turn on and off. 


Switching 
performance 
of the HCPL-2430 
optocoupler 
is 


not sensitive 
to the TTL 
logic 
family 
used in the recom- 


mended drive circuit. 
The typical 
and worst-case 
switching 


parameters 
given 
in the 
data 
sheet 
can 
be 
met 
using 


common 
74LS TTL inverting 
gates or buffers. 
Use of faster 


TTL 
families 
will 
slightly 
reduce 
the overall 
propagation 


delays from the input 
of the drive circuit 
to the output 
of 


the 
optocoupler, 
but 
will 
not 
necessarily 
result 
in lower 


pUlse-width 
distortion 
or 
propagation 
delay 
skew. 
This 


reduction 
in overall 
propagation 
delays 
is due to shorter 


delays in the drive circuit, 
not to changes in the propagation 


delays of the optocoupler; 
optocoupler 
propagation 
delays 


are not affected 
by the speed of the logic used in the drive 


circuit. 


• 


Fli;' HEWLETT 
~aPACKARD 


High CMR, High Speed TTL 
Compatible 
Optocoupler 


Technical Data 


Features 
• Internal 
Shield 
for High 
Common 
Mode Rejection 
(CMR) 
HCPL-2601: 10,000 VlIlS at 
VeN:= 50 V (Typical) 
HCPL-2611: 15,000 Vllls at 
VeN:= 1000 V (Typical) 
• High Speed: 
10 MBd 
Typical 
• LSTTUTTL 
Compatible 
• Low Input 
Current 
Capability: 
5 mA 
• Guaranteed 
ac and dc 
Performance 
over Temper- 
ature: 
-40°C to +85°C 
• Strobable 
Output 
• Recognized 
under 
the 
Component 
Program 
of 
U.I... (File No. E55361) for 
Dielectric 
Withstand 
Proof 
Test Voltages 
of 2500 Vac, 
1 Minute 
and 5000 Vac, 
1 Minute 
(Option 
020) 
• CSA Approved 
under 
Component 
Acceptance 
Notice No.5 
(File No. LR 
88324) 
• Hermetic 
Equivalent 
Device Available 
(HCPL- 
5600/1) 


•JEDEC 
Registered 
Data (The HCPL- 


2601 and HCPL-2611 
are not 
registered.) 


Description 
The 6N137IHCPL-2601l11 
optically coupled gates combine 
a GaAsP light emitting diode 
and an integrated high gain 
photo detector. An enable input 
allows the detector to be 
strobed. The output of the 
detector I.C. is an open collector 
Schottky clamped transistor. 
The internal shield provides a 
guaranteed 
common mode 
transient immunity specification 
of 5000 Vllls for the 2601, and 
10,000 Vllls for the 2611. 


1 
__~I.J10) _I 
9_90 13901 


1 
• 
5 


6N137 
HCPL-2601 
HCPL-2611 


This unique design provides 
maximum ac and dc circuit 
isolation while achieving TrL 
compatibility. The optocoupler 
ac and dc operational parame- 
ters are guaranteed 
from -40°C 
to +85°C allowing troublefree 
system perfonnance. 


The 6N137IHCPL-2601l11 are 
suitable for high speed logic 
interfacing, input/output 
buffering, as line receivers in 
environments that conventional 
line receivers cannot tolerate 
and are recommended for use in 
extremely high ground or 
induced noise environments. 


t 


6.101.2401 


7.361.2901 
6.60 1.2601 
7.88 (:310) .L 


0.181.0071 
O.3310IT1~ 
I 


CAUTION: 
Th£ smal/junction 
sizes inh£rent 
to the design 
of this bipolar 
component 
increase 
the component's 
susceptibility 
to 


damage 
from 
electrostotic 
discharge 
(ESD). 
It is advised 
that normal 
stotic precautions 
be token 
in handling 
and assembly 
of 
this component 
to prevent 
damage 
and lor degradation 
which 
may be induced 
by ESD. 


Applications 
• Isolated 
Line Receiver 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Switching 
Power 
Supply 
• Instrument 
Input/Output 
Isolation 
• Ground 
Loop Elimination 
• Pulse 
Transformer 
Replacement 
• Power 
Transistor 
Isolation 
in Motor Drives 


USE OF A 0.1 ..,. BYPASS CAPACITOR 
CONNECTED 
BETWEEN 
PINS 5 AND 815 
REQUIRED 
(SEE NOTE 1). 


LED 
ENABLE 
OUTPUT 


ON 
H 
l 


OFF 
H 
H 


ON 
l 
H 


OFF 
l 
H 


ON 
NC 
H 


OFF 
NC 
H 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, Low Level 
IFL* 
0 
250 
I!A 


Input Current, High Level 
IFH** 
5 
15 
mA 


Supply Voltage Power 
Vcc 
4.5 
5.5 
V 


High Level Enable Voltage 
VEH 
2.0 
Vcc 
V 


Low Level Enable Voltage 
VEL 
0 
0.8 
V 


Fan Out (at RL = 1 kO) 
N 
5 
TTL Loads 


Output Pull-up Resistor 
RL 
330 
4K 
n 


Operating Temperature 
TA 
-40 
85 
°C 
• 
"The ofTcondition 
can also be guaranteed 
by ensuring 
that VF1:s;0.8 volts. 
"*The initial switching 
threshold 
is 5 mA or less. It is recommended 
that 6.3 mA to 10 mA be used for best 


performance 
and to permit 
at least a 20% CTR degradation 
guardband. 


Absolute Maximum Ratings* 
(No Derating Required up to 85°C) 
Storage Temperature 
-55°C to +125°C 
Operating Temperature** 
-40°C to +85°C 


Lead Solder Temperature 
260°C for 10 s 


(1.6 mm below seating plane) 
Forward Input Current - IF (see Note 2) 
20 mA 
Reverse Input Voltage 
5 V 
Supply Voltage - Vcc 
7 V (l Minute Maximum) 
Enable Input Voltage - VE 
5.5 V 


(Not to exceed Vcc by more than 500 mY) 
Output Collector Current - 10 
50 mA 
Output Collector Power Dissipation 
85 mW 
Output Collector Voltage - Vo 
7 V 


(Selection for higher output voltages up to 20 V is available.) 


"JEDEC 
Registered 
Data. 
"O°C to 70°C on JEDEC 
Registration. 


Electrical Characteristics 
Over recommended 
temperature 
(TA = -40°C to +85°C) unless otherwise 
specified. (See note 1.) 


Parameter 
Sym. 
Min. 
Typ.** 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


High Level Output 
IOH* 
5.5 
100 
J.1A 
Vce = 5.5 V, Vo= 5.5 V, 
1 
14 
Current 
IF = 250 J.1A,VE= 2.0 V 


Low Level Output 
Vee = 5.5 V, IF = 5 IDA, 
2,4, 
Voltage 
VOL* 
0.35 
0.6 
V 
VE=2.0V, 
5,15 
IOL(Sinking) 
= 13 mA 


High Level Supply 
leeH 
7.0 
10.0* 
mA 
VE=0.5V 
Vee = 5.5 V, 
15 
Current 
IF= 0 
6.5 
VE= Vee 


Low Level Supply 
leeL 
9.0 
13.0* 
mA 
VE= 0.5V 
Vee = 5.5 V, 
16 
Current 
IF = 10 mA 
8.5 
VE= Vee 


High Level Enable 
IEH 
-0.7 
-1.6 
mA 
Vee = 5.5 V, VE= 2.0 V 
Current 


Low Level Enable 
IEL* 
-0.9 
-1.6 
mA 
Vee = 5.5 V, VE= 0.5 V 
17 
Current 


High Level Enable 
VEH 
2.0 
V 
12 
Voltage 


Low Level Enable 
VEL 
0.8 
V 
Voltage 


Input Forward 
1.4 
1.5 
1.75* 
TA = 25°C 
Voltage 
VF 
V 
IF = 10 mA 
3, 14 
1.3 
1.80 


Input Reverse 
BVR* 
5 
V 
IR = 10 J.1A 
Breakdown 
Voltage 


Input Capacitance 
CIN 
60 
pF 
VF=O,f= 
1 MHz 


Input Diode 
I1VF 
Temperature 
-- 
-1.6 
mV/oC 
IF = 10 mA 
14 
Coefficient 
I1TA 


Input-Output 
IJ.O* 
1 
J.1A 
45% RH, t = 5 s, 
3, 18 
Insulation 
VJ.O= 3 kVdc, TA = 25°C 


, 


VISO 
2500 
VRMS 
RH :c; 50%, t = 1 min 
3, 18 


I 
OPT020 
VISO 
5000 
3, 19 


Resistance 
RI,o 
1012 
n 
VJ.O= 500 V 
3 
(Input-Output) 
. 


Capacitance 
C'.Q 
0.6 
pF 
f= 1 MHz 
3 
(Input-Output) 


'JEDEC 
registered 
data 
for the 6N137. The JEDEC 
Registration 
specifies 
O°C to +70°C. lIP specifies 
-40°C to +85°C. 


"All 
typical 
values 
are at Vcc = 5 V, TA = 25°C. 


Switching Specifications 
Over recommended 
temperature 
(T. = -40°C to +85°C), Vcc = 5 V, IF = 7.5 mA unless otherwise 
specified. 


Parameter 
Symbol 
Deyice 
Min. 
Typ.-- 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay 
tPLII 
20 
48 
75- 
ns 
T. = 25°C 
I 
6,7 
4 


Time to High 
Output 
Level 
100 
ns 


Propagation 
Delay 
tPllL 
25 
50 
75- 
ns 
T.=25°C 
I 
6,7 
5 


Time to Low Output 
Level 
100 
ns 


Pulse 
Width 
I~L·tPLIII 
3.5 
35 
ns 
RL=350n 
9 
13 


Distortion 
CL= 15pF 


Propagation 
Delay 
t_ 
40 
ns 
6,13 


Skew 


Output 
Rise Time 
t, 
24 
ns 
12 


(10-90%) 


Output 
Fall Time 
t, 
10 
ns 
12 
(90-10%) 


Propagation 
Delay 
tEUi 
30 
ns 
RL = 350 n, CL = 15 pF, 
10, 
7 


Time of Enable 
from 
VEL= 0 V, V EH= 3 V 
11 


VEHto VEL 


Propagation 
Delay 
tEHL 
20 
ns 
RL = 350 n, CL = 15 pF, 
10, 
8 


Time of Enable 
from 
VEL= OV, VES = 3 V 
11 


VELto VES 


Common 
Mode 
ICMHI 
6N137 
10,000 
VII'S 
VcM=10V 
VO(~-2V, 
13 
9,11, 


Transient 
RL= 
50n, 
12 


Immunity 
at High 
HCPL-2601 
5000 
10,000 
VCM = 50V 
¥=0mA, 


Output 
Level 
• = 25°C 
HCPL-2611 
10,000 
15,000 
VCM = 1000 V 


Common 
Mode 
fCML' 
6N137 
10,000 
VII'S 
VcM=10V 
VO(ILU)=0.8 V, 
13 
10,11, 


Transient 
RL=350n, 
12 


Immunity 
at Low 
HCPL-2601 
5000 
10,000 
VcM=50V 
¥=7.5mA 
Output 
Level 
• = 25°C 
HCPL-2611 
10,000 
15,000 
VCM = 1000 V 


-JEDEC 
registered 
data 
for the 6N137. 
--All 
typical 
values 
are at Vco = '5 V, T. = 25°C. 


Notes: 
1. Bypassing 
of the power 
supply 
line is required, 
with a 0.11JF ceramic 
disc capacitor 
adjacent 
to each optocoupler 
as illustrated 


in Figure 
16. Total 
lead length 
between 
both ends 
of the capacitor 
and the isolator 
pins should 
not exceed 
10 mm. 


2. Peaking 
circuits 
may produce 
transient 
input 
currents 
up to 50 mA, 50 ns maximum 
pulse 
width, 
provided 
average 
current 


does not exceed 
20 mA. 


3. Device 
considered 
a two terminal 
device: pins 
I, 2, 3, and 4 shorted 
together, 
and pins 5, 6, 7, and 8 shorted 
together. 


4. The tPLBpropagation 
delay is measured 
from the 3.75 mA point on the trailing 
edge of the input 
pulse to the 
1.5 V point on the 


trailing 
edge of the output 
pulse. 
5. The tPHLpropagation 
delay is measured 
from the 3.75 mA point on the leading 
edge of the input 
pulse 
to the 
1.5 V point on the 


leading 
edge of the output 
pulse. 


6. tpsK is equal 
to the worst 
case difTerence 
in tPHLand/or 
tPLHthat 
will be seen between 
units 
at any given temperature 
within 


the operating 
condition 
range. 


7. The tELHenable 
propagation 
delay is measured 
from the 
1.5 V point on the trailing 
edge of the enable 
input 
pulse 
to the 
1.5 V 
point on the trailing 
edge of the output 
pulse. 


8. The tllHLenable 
propagation 
delay is measured 
from the 
1.5 V point on the leading 
edge of the enable 
input 
pulse 
to the 
1.5 V 


point on the leading 
edge of the output 
pulse. 


9. CMs is the maximum 
tolerable 
rate 
of rise of the common 
mode voltage 
to assure 
that 
the output 
will remain 
in a high logic 
state 
(Le., Your > 2.0 V). 


10. CML is the maximum 
tolerable 
rate 
of fall of the common 
mode voltage 
to assure 
that 
the output 
will remain 
in a low logic 


state 
(Le., Your < 0.8 V). 


11. For sinusoidal 
voltages, 


• 


Notes: 
(Continued) 


12. No external 
pull up is required 
for a high logic state on the enable input. 
If the VEpin is not used, tying VEto Vcc will result 
in improved 
CMR performance. 
13. See the last 2 pages of this data sheet for more information. 
14. The JEDEC 
registration 
for the 6N137 specifies a maximum 
IoH of 250 14\. lIP guarantees 
a maximum 
IoH of 100 14\. 
15. The JEDEC 
registration 
for the 6N137 specifies a maximum 
IecH of 15 mA. lIP guarantees 
a maximum 
IcCH of 10 mA. 


16. The JEDEC 
registration 
for the 6N137 specifies a maximum 
IecL of 18 mA. lIP guarantees 
a maximum 
IccL of 13 mA. 
17. The JEDEC 
registration 
for the 6N137 specifies a maximum 
IELof -2.0 mA. lIP guarantees 
a maximum 
IEL of -1.6 mA. 


18. In accordance 
with UL1577, 
each optocoupler 
is proof tested 
by applying 
an insulation 
test voltage ~ 3000 Vrms for one second 
(leakage 
detection 
current 
limit, IJ.O S 514\). 
19. In accordance 
with UL 1577, each option 020 optocoupler 
is proof tested 
by applying 
an insulation 
test voltage ~ 6000 Vrms for 
one second (leakage 
detection 
current 
limit, 1;.••S 514\). 


Vcc=5.h 
Vo= 5.5 V 
VE=2.0V 
II = 2501JA 
\"-r-..... 
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Level 
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va. Temperature. 


Figure 
4. Output 
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Figure 
2. Low Level 
Output 
Voltage 
va. Temperature 
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Figure 
5. Low Level 
Output 
Current 
va. Temperature. 
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Figure 
16. Recommended 
Printed 
Circuit 
Board Layout. 
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Figure 
13. Test Circuit 
for Common Mode 


Transient 
Immunity 
and Typical Waveforms. 
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Propagation Delay, 
Pulse-Width Distortion 
and Propagation Delay 
Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high (~) 
is the amount of time required 
for an input signal to propagate 
to the output, causing the 
output to change from low to 
high. Similarly, the propagation 
delay from high to low (~) 
is 
the amount of time required for 
the input signal to propagate to 
the output causing the output to 
change from high to low (see 
Figure 6). 


Pulse-width distortion (PWD) 
results when ITLH and ~ 
differ 
in value. PWD is defined as the 
difference between ~ 
and ITHL 
and often determines the 
maximum data rate capability 
of a transmission 
system. PWD 
can be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. 
Typically, 
PWD on the order of 20-30% of 
the minimum pulse width is 
tolerable; the exact figure 
depends on the particular 
application (RS232. 
RS422, T-I, 
etc.). 


Propagation delay skew, ITsK' is 
an important parameter 
to 
consider in parallel data appli- 
cations where synchronization 


of signals on parallel data lines 
is a concern. lethe parallel data 
is being sent through a group of 
optocouplers, differences in 
propagation delays will cause 
the data to arrive at the outputs 
ofthe optocouplers at different 
times. If this difference in 
propagation delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation delay skew is 
defined as the difference 
between the minimum and 
maximum propagation delays, 
either ITLH or tpLH, for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same drive 
current, supply voltage, output 
load, and operating tempera- 
ture). As illustrated 
in Figure 
18, if the inputs of a group of 
optocouplers are switched either 
ON or OFF at the same time, 
ITsK is the difference between 
the shortest propagation delay, 
either ITLH or ITHI_' and the 
longest propagation delay, 
either ITLH or tpHL 


As mentioned earlier, ITsK can 
determine the maximum 
parallel data transmission 
rate. 
Figure 19 is the timing diagram 
of a typical parallel data 
application with both the clock 
and the data lines being sent 
through optocouplers. The 
figure shows data and clock 


signals at the inputs and 
outputs of the optocouplers. To 
obtain the maximum data 
transmission 
rate, both edges of 
the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation delay skew 
represents 
the uncertainty 
of 
where an edge might be after 
being sent through an opto- 
coupler. Figure 19 shows that 
there will be uncertainty 
in both 
the data and the clock lines. It 
is important that these two 
areas of uncertainty 
not 
overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, the absolute 
minimum pulse width that can 
be sent through optocouplers in 
a parallel application is twice 
ITsK. A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty 
in the rest of the 
circuit does not cause a 
problem. 


The tp,l< specified optocouplers 
offer the advantages of 
guaranteed 
specifications for 
propagation delays, pulsewidth 
distortion and propagation delay 
skew over the recommended 
temperature, 
input current, and 
power supply ranges. 
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CMOSfITL Compatible, Low 
Input Current, High Speed, 
High CMR Optocoupler 


Features 
• Low Input 
Current 
Version 
of HCPL-2601l11 and 6N137 
• Wide Input 
Current 
Range: 
IF = 2 mA to 10 mA 
• CMOStrTL Compatible 
• Guaranteed 
Switching 
Threshold: 
IF = 2 mA (max.) 
• Internal 
Shield for High 
Common Mode Rejection 
(CMR) 
HCPL-7601: 
5,000 Vllls 


(Typical) at VCM = 50 V, 
IF=4mA 
HCPL-7611: 
15,000 Vllls 


(Typical) at VCM = 1000 V, 
IF=4mA 
• High Speed: 10 Mbd 
Typical 
• Guaranteed 
ac and dc 
Performance 
Over 
Temperature: 
-40°C to 85°C 
• VDE 0884 Approval: 
VIORM = 600 VRMS 
• UL Recognized: 
3750 VRMS, 
1 minute 
• CSA Accepted 
• Low Supply Current 
Requirement 
• Low TpsK: 40 ns 
Guaranteed 


HCPL-7601 
HCPL-7611 


Applications 
• Isolated 
Line Receiver 
• Simple:xIMultiplex Data 
Transmission 
• Programmable 
Logic 
Controllers 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 


• Digital Isolation 
for AID, 
D/A Conversion 
• Switching 
Power Supply 
• Instrument 
Input/Output 
Isolation 
• Ground Loop Elimination 
• Pulse Transformer 
Replacement 
• 
2:J"- 
~! 
v. 


3- 
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HCPl·7601/11 
SHIELD 


CAUTION: The smaU device geometries inherent to the design of this bipolar component increase the component's 
susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken 
in handling 
and assembly of this component to prevent damage and / or degradation 
which may be induced by 
ESD. 


Description 
The HCPL-7601l11 
is a low 
input current 
version of the 
HCPL-2601l11 
and 6N137 
(without 
enable). The optically 
coupled gates combine an 
AlGaAs high-efficiency 
light 
emitting 
diode and an integrated 
high gain photon detector 
to 
create a low input current 
device 
for low power applications. 
The 
output 
of the detector 
Ie is an 
open collector Schottky-clamped 
transistor. 
The internal 
shield 
provides 
a guaranteed 
common 
mode transient 
immunity 
specification 
of 10,000 V/~s 
(HCPL-76 11). 


This unique 
design provides 
maximum 
ac and dc circuit 
isolation 
while achieving 
CMOS 
and TTL compatibility. 
The 
optocoupler 
ac and dc 
operational 
parameters 
are 
guaranteed 
from -40°C to 85°C 
with no derating 
required 
allowing trouble free system 
performance. 
This product 
is 
suitable 
for high speed logic 
interfacing, 
inpuUoutput 
buffering, 
and applications 
that 
require 
low input-current 
switching 
levels. 


The HCPL-7601l11 
family offers 
many features 
that are 
especially 
beneficial 
to system 
designers. 
The low input 
current 
requirements 
and 
guaranteed 
switching 
threshold 
(2 mA max.) allows the LED to 
be driven directly by any 
standard 
high-speed 
CMOS 
gate (e.g. 74HCIHCT). This will 
simplify designs by eliminating 
the need for special driver 
circuits 
and result 
in lower part 
counts and greater 
system 
reliability 
while freeing up 
valuable 
printed 
circuit board 
space. 


The wide current 
input range of 
2 mA to 10 mA and guaranteed 
ac and dc performance 
over a 
wide temperature 
range will 
also simplify designs. Low 
supply current 
requirements 
mean lower power dissipation 
allowing for the use of a 
smaller, 
less expensive 
power 
supply. The high speed (10 Mbd 
typ.) and low propagation 
delay 
skew (Tpok~ 40 ns guaranteed) 
allow for easier design of high 
speed parallel 
applications. 
The 
world-wide 
regulatory 
approval 
(UUCSAlVDE 
0884) will 
facilitate 
the acceptance 
of the 
end product in international 
markets. 


Regulatory Information 
The HCPL-7601 
and HCPL-7611 
have been approved 
by the 
following organizations: 


UL-Approved 
under UL 1577, 
component 
recognition 
FILE 
E55361). 


VDE-Approved 
according 
to 
VDE0884/08.87. 
This 
optocoupler 
is suitable 
for ·safe 
electrical 
isolation" 
onl)" within 
the safety limit data-:- 
- 
Maintenance 
of the safety data 
shall be ensured 
by means 
of 
protective 
circuits. 


Can be used for safe electrical 
separation 
between 
ac mains 
and SELV (safety extra-low 
voltage) in equipment 
according 
to the following specifications: 
DIN VDE 0804/05.89 
DIN VDE 0160/05.88 


Reference 
voltage CVDE Ollb 
Tab 4): 630 Vac. 


CSA-Approved 
under 
CSA22.2 
No. 0 - General 
Requirements, 
Canadian 
Electrical 
Code, Part 
II; and CSA Component 
Acceptance 
Notice 15, File CA 
88324. 


Absolute Maximum Ratings 
(No Derating 
Required 
up to 85°C) 


Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-40°C to +85°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 


Average Input Current 
- IF (See Note 2.) 
20 mA 
Reverse Input Voltage - VR ....................................•........•............................................ 3 V 
Supply Voltage - Vcc 
7V (l Minute Maximum) 
Output 
Collector Current 
- 10 
50 mA 
Output 
Collector Power Dissipation 
85 mW 
Output 
Collector Voltage - Vo• 
7 V 
Total Package 
Power Dissipation 
250 mW 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input 
Voltage, Low Level 
VFL 
0 
0.8 
V 


Input 
Current, 
High Level 
IFH 
2 
10 
mA 


Supply Voltage, Output 
Vcc 
4.5 
5.5 
V 


Fan Out 
@ RL= 1 kn 
N 
5 
TTL 
Loads 


Operating 
Temperature 
TA 
-40 
85 
°C 


Output 
Pull-up 
Resistor 
RL 
330 
4k 
n 
• 


Package Outline Drawing 


Standard DIP Package 


TYPE 
NUMBER" 


DATE 
CODE 


I I --l 
!--1.7I( •.D70)1Wt 
'.'8 (•.••7)IWt--J I-- 


+ 


Description 
Symbol 
Characteristics 
Unit 


Installation 
classification 
per DIN VDE 0109*/12.83, Table 1 
for rated mains voltage ~300VRMS 
I-IV 
for rated mains voltage ~600VRMS 
I 
I-III 


Climatic 
Classification 
I 
40185/21 


Pollution 
Degree (DIN VDE 0109/12.83)* 
2 


Maximum 
Working 
Insulation 
Voltage 
VIORM 
600 
VRMS 


848 
Vpeak 


Input to Output 
Test Voltage, Method b** 
VPR= 1.6 X VIORM 
VPR 
960 
VRMS 


Production 
test with tp = 1 see, 
Partial 
discharge 
< 5 pC 
1357 
Vpeak 


Input to Output 
Test Voltage, Method a** 
VPR= 1.2 X VIORM 
VPR 
720 
VRMS 


Production 
test with tp = 60 see, 
Partial 
discharge 
< 5 pC 
1018 
Vpeak 


Highest 
Allowable Overvoltage** 


(Transient 
Overvoltage, 
trR = 10 see) 
VTR 
6000 
Vpeak 


Safety-limiting 
values (Maximum 
values allowed in the event 
of a failure, 
also see Figure 
16) 
Case Temperature 
TS1 
175 
°C 
Input 
Power 
PS1,Input 
80 
mW 


Output 
Power 
PS1,Output 
250 
mW 


Insulation 
Resistance 
at TSI>VIO= 500 V 
R1S 
~10Il 
n 


- Thispart mayalsobe usedin PollutionDegree3 environmentswherethe rated mainavoltageis S 300 VRMS 
(perDINVDE0190112.83). 
-*Referto the frontofthe optocouplersectionofthe current OptoelectronicsDesignersCatalogfora moredetaileddescriptionof 
VDE0884 and other productsafetyregulations. 


Parameter 
Symbol 
Value 
Units 
Conditions 


Minimum 
External 
Clearance 
L (101) 
7.0 
mm 
Measured 
from input terminals 
(External 
Air Gap) 
to output 
terminals 


Minimum 
External 
Creepage 
L (102) 
8.0 
mm 
Measured 
from input terminals 
(External 
Tracking) 
to output 
terminals 


Minimum 
Internal 
Clearance 
0.5 
mm 
Through 
insulation 
distance 
(Internal 
Plastic 
Gap) 
from conductor 
to conductor 


Comparitive 
Tracking 
Index 
CTI 
175 
V 
DIN IEC 112JVDE 303 PI 


Isolation 
Group (per DIN VDE 0109) 
IlIa 
Material 
Group 
• 


Electrical Specifications 
Over recommended 
temperature 
(TA= -40°C to 85°C) unless otherwise 
specified. (See note 1.) 


Parameter 
Symbol 
Min. 
Typ •• Max. 
Units 
Test Conditions 
Fig. 
Note 


Input Threshold 
1m 
1 
2 
mA 
Vcc = 5.5V, 10~ 13 mA, 
5 
Current 
Vo=0.6V 


High Level Output 
10H 
3 
100 
~ 
Vcc= 5.5 V, Vo = 5.5 V 
1 
Current 
VFL=0.8V 


Low Level Output 
VOL 
0.35 
0.6 
V 
Vcc= 5.5 V, IF= 2 mA, 
2,4, 
Voltage 
IoL (Sinking) 
= 13 mA 
6 


High Level Supply 
IccH 
4.75 
7 
mA 
Vcc= 5.5 V, IF= 0 mA 
Current 


Low Level Supply 
IccL 
6 
10 
mA 
Vcc= 5.5 V, IF= 4 mA 
Current 


Input Forward 
VF 
1.2 
1.5 
1.85 
V 
IF=4mA 
3 
Voltage 


Input Reverse 
BVR 
3 
V 
IR= 100~ 
Breakdown 
Voltage 


Input Capacitance 
C1N 
72 
pF 
VF= 0, f= 1 MHz 


Input Diode 
IiVF/liTA 
-1.6 
mV/oC 
IF=4mA 
3 
Temperature 
Coefficient 


Input-Output 
V1SO 
3750 
VRMS RH ~ 50%, t = 1 min. 
3,9 
Insulation 
TA= 25°C 


Resistance 
R1-o 
1012 
1013 
n 
TA= 25°C 
V1_0=500 V 
3 
(Input-Output) 
1011 
TA= 100°C 


Capacitance 
CI-O 
0.6 
pF 
f= 1 MHz, V1_0= 0 Vdc 
3 
(Input-Output) 


Switching Specifications 


Over recommended 
temperature 
(TA = -40°C to 85°C), Vcc = 5 V, CL = 15 pF 


Parameter 
Symbol 
Device 
Min. 
Typ •• 
Max 
Unit 
Test 
Conditions 
Fig. 
Note 


Propagation 
tpLH 
25 
58 
75 
TA = 25°C 
IF=2 
mA, 
7,8, 
4,10 
Delay Time 
I 100 
RI.= 1 kn 
10 
to High 
25 
55 
75 
TA = 25°C 
IIF=4mA 
Output 


1100 
RL=350n 
Level 


Propagation 
35 
73 
100 
ns 
TA = 25°C 
IF=2mA 
7,9, 
5, 10 
Delay Time 
tPHL 
I 120 
RL= 1 kn 
10 
to Low 
25 
57 
75 
TA = 25°C 
IIy=4mA 
Output 
I 100 
RL=350n 
Level 


Pulse Width 
ItpHL-tpLHI 
16 
55 
IF=2mA 
RL=lkn 
11, 
4,5 
Distortion 
4 
40 
IF=4mA 
RL=350n 
12 


Propagation 
tPSK 
~ 
IF=2mA 
RL=lkn 
6,10 
Delay Skew 
40 
Iy=4mA 
RL=350n 


Output 
Rise 
tnae 
58 
IF=2mA 
RL= 1 kn 
13 


Time 
24 
Iy=4mA 
RL=350n 
(10% - 90%) 


Output 
Fall 
trail 
10 
IF=2 
-4 mA 
RL =350-1 
kn 
13 


Time 
00% - 90%) 


Common 
CMH 
HCPL- 
1,000 
5,000 
VCM = 50V 
Iy=OmA 
14 
7 
Mode 
7601 
Vo(min)= 2 V 
Transient 
RL =350- 
1 kn 
Immunity 
a 
HCPL- 
10,000 
15,000 
VCM = 1000 V 
TA = 25°C 
High Outpu 
7611 
Level 


Common 
CML 
HCPL- 
1,000 
5,000 
V4J.s 
IF=2 
-4 mA 
Vo(max)= 0.8V 
14 
8 
Mode 
7601 
RL= 350-1kn 
TA = 25°C 
Transient 
Vrv = 50V 
Immunity 
a 
HCPL- 
2,000 
5,000 
Iy=2mA 
Low Output 
7611 
RL= 1 kn 
Level 
Vr.M= 1000 V 
10,000 
15,000 
IF=4mA 
RL=350n 
VCM = 1000 V 
• 


Notes: 
1.Bypassing of the power supply line is 
required with a O.ljiF ceramic disc 
capacitor acijacentto each opto- 
coupler, as illustrated in Figure 15. 
Total lead length between both ends 
of the capacitor and the isolator pins 
should not exceed 10mm. 


2. Peaking circuits may produce 
transient input currents up to 50 mA, 
50 ns maximum pulse width, 
provided average current does not 
exceed 
20 mA. 


3. Deviceconsidered a two terminal 
device:pins 1 , 2, 3 and 4 shorted 
together, and pins 5, 6, 7, and 8 
shorted together. 


4. The tpm propagation delay is 
measured from the 50%point on the 


Ycc= 
5.5 V 
Vo=S.5V 


V, 
= a.BY 


- 


Figure 
1. High Level Output 
Current 
VB. Temperature. 
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Figure 4. Output Voltage vs. 
Forward 
Input Current. 


trailing edge ofthe input pulse to 
the 1.5V point on the trailing edge 
ofthe output pulse. 


5. Thempropagation delay is 
measured from the 50%point on the 
leading edge ofthe input pulse to the 
1.5V point on the leading edge of the 
output pulse. 


6. tPSKis equal to the worst case 
difference in tpHL and/or tpUI that 
wiJIbe seen between units at any 
given temperature within the 
operating condition range. 
7. CMHis the maximum tolerable rate 
of rise of the commonmode voltage 
to assure that the output will remain 
in ahigh logicstate(Le., VOUT> 2.0V>. 
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Figure 2. Low Level Output Voltage 
va. Temperature. 


Vcc= 
5.0Y 
Vo= 0.8 V 
10 = 13.0mA 


Figure 6. Input Threshold 
Current 
va. Temperature. 


8. CMLis the maximum tolerable rate 
of fall of the common mode voltage to 
assure that the output will remain in 
a lowlogicstate (i.e., Vour < 0.8 V>. 
This specification assumes that good 
board layout procedures were 
followedto reduce the effective 
input/output capacitance as shown 
in Figure 15. 
9. In accordance with UL and CSA 
requirements, each optocoupIer is 
prooftested by applying an insula- 
tion test voltage ~ 5000 Vrms for one 
second (leakage detection current 
limit, 11-0S;5 J.LA). 


10.AC performance at IF = 4 mAis 
approximately equivalent to the 
HCPL-2601/11at IF = 7.5 mA for 
comparison purposes. 


Figure 3. Typical Input Forward 
Current 
va. Input Forward 
Voltage • 
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Figure 8. Low Level Output 
Current 


va. Temperature. 
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Figure 9.tPHL- Propacation Delay 
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Figure 12.Pulse Width Distortion 


VB. Input Current. 
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Figure 10.Propacation Delay VB. 
Input Current. 


Figure 13.Rise and Fall Time va. 
Temperature. 
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Figure 8. tPLH- Propagation Delay 
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Figure 11.Pulse Width Distortion 


VB. Temperature. 
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Figure 
14. Test Circuit 
for Common 
Mode Transient 
Immunity 
and Typical 
Waveforms. 
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Figure 
16. Dependence 
of Safety. 
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·ANY OPEN COLLECTOR lTI. 
OR OPEN DRAIN CMOS GATE 


INPUT DRIVE CIRCUIT 
FOR HIGH CMR APPLICATIONS 
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High CMRLine Receiver 
Optocoupler 


Technical Data 


Features 
• Internal 
Shield for High 
Common Mode Rejection 
(CMR) 
HCPL-2602: 10,000 V/Jls at 
VCN:= 50 V (Typical) 
HCPL-2612: 15,000 V/Jls at 
VCN:= 300 V (Typical) 
• Line Termination 
Included 
- No Extra Circuitry 
, 


Required 
• Accepts a Broad Range of 
Drive Conditions 
• LED Protection 
Minimizes 
LED Efficiency 
Degradation 
• High Speed: 10 MBd 
(Limited by Transmission 
Line in Many 
Applications) 
• Guaranteed 
ac and dc 
Performance 
Over 
Temperature: 
O°Cto 70°C 
• External 
Base Lead Allows 
"LED Peaking" and LED 
Current 
Adjustment 
• Recognized 
Under the 
Component 
Program 
of 
UL. (File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltages of 2500 VAC. 
• CSA Approved under Com- 
ponent Acceptance 
Notice 


No.5 (File No. LR 88324) 
• Hermetic Equivalent 
Device Available (HCPL- 
1930/1) 


Description 
The HCPL-2602/12 
optically 
coupled line receivers combine a 
GaAsP light emitting diode, an 
input current regulator and an 
integrated high gain photo 
detector. The input regulator 
serves as a line termination 
for 
line receiver applications. It 
clamps the line voltage and 


HCPL·2602 
HCPL·2612 


regulates the LED current so 
line reflections do not interfere 
with circuit performance. 


The regulator allows a typical 
LED current of 8.5 mA before it 
starts to shunt excess current. 
The output of the detector IC is 
an open collector Schottky 
clamped transistor. 
An enable 
input gates the detector. The 
internal detector shield provides 
a guaranteed 
common mode 
transient 
immunity specifica- 
tion of 1000 V/Jlsfor the 2602, 
and 3500 V/Jlsfor the 2612. 


0.181.0071 
0.33 (.013) .J.. 


I 
• 
TYPE NUMBER 
DATE CODe 
6.10 (.240) 


7.36(.290} 
6.60 (.260) 


7.88 (.310) 


~~COGNlTlON 
~ 
~ 


2 
3 
4 
~~- 


I -I 
1_17810701 
MAX. 
T 


--- 
1.19(.047) MAX. 
DIMENSIONSIN MILLIMETRES AND (INCHES!. 
--I 


~ 4.70 L :85) MAX, 


I 


, 
~ 
, 
"N 
2 


t l0.51 
(.020) 


t 
,MIN. 
-IN 
3 
rI - 
II 
----c....- 
2.921.1151 MIN. 


0.76 (.030) 
I - 
-0.65 
(.0251 MAX. 


uo l.OS5) I---.~~ ::~~: 


CAUTION: 
The small junction 
sizes inherent to the design of this bipolar component 
increase the component's 
susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken 


in handling 
and assembly of this component to prevent damage and 1or degradation 
which may be induced by 


ESD. 


DC specifications are defined 
similar to TIL logic. The 
optocoupler ac and de 
operational 
parameters 
are 
guaranteed 
from O°Cto 70°C 


allowing trouble-free 
interfacing 
with digital logic circuits. An 
input current of 5 mA will sink 
an eight gate fan-out (TTL) at 
the output. 


The HCPL-2602/12 are useful 
as line receivers in high noise 
environments 
that conventional 
line receivers cannot tolerate. 
The higher LED threshold 
voltage provides improved 
immunity to differential 
noise 
and the internally 
shielded 
detector provides orders of 
magnitude 
improvement 
in 


common mode rejection with 
little or no sacrifice in speed. 


Applications 
• Isolated 
Line Receiver 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Current 
Sensing 
• Instrument 
Input/Output 
Isolation 
• Ground 
Loop Elimination 
• Pulse 
Transformer 
Replacement 
• Power 
Transistor 
Isolation 


in Motor 
Drives 


USE OF A 0.1 ~ 
BYPASS CAPACITOR 
CONNECTED 
BETWEEN 
PINS 5 AND 8 
IS REQUIRED (SEE NOTE 1). 
LED 
ENABLE 
OUTPUT 


ON 
H 
L 
OFF 
H 
H 
ON 
L 
H 
OFF 
L 
H 
ON 
Ne 
H 
OFF 
NC 
H 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, Low Level 
IL 
0 
250 
IlA 


Input Current, 
High Level 
1m 
5* 
60 
mA 


Supply Voltage, Output 
Vcc 
4.5 
5.5 
V 


High Level Enable Voltage 
VEH 
2.0 
Vcc 
V 


Low Level Enable Voltage 
VEL 
0 
0.8 
V 


Fan Out (@ ~ 
= 1 kQ) 
N 
5 
TILLoads 


Output Pull-up Resistor 
~ 
330 
4K 
Q 


Operating Temperature 
TA 
0 
70 
°C 


"The initial 
switching 
threshold 
is 5 mA Dr less. It is recommended 
that 
an input 
current 
between 
6.3 mA and 10 mA be used to obtain 
best perfonnance 
and to 
provide 
at least 
20% LED degradation 
guardband. 


Absolute Maximum Ratings 
(No derating required up to 85°C) 
Storage Temperature 
-55°C to +125°C 
Operating Temperature 
-40°C to 85°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 


Forward Input Current - II 
60 mA 
Reverse Input Current 
60 mA 
Supply Voltage - Vcc (1 Minute Maximum) 
7 V 
Enable Input Voltage - VE 
5.5 V 
(Not to exceed Vcc by more than 500 mV) 


Output Collector Current - 10 •...•.•••.•.•.•••••.•.•.•••.••........••••..•.•.••.. 
25 mA 
Output Collector Power Dissipation 
.40 mW 
Output Collector Voltage - V0" ••..........•••....••..•••...•.••••..................• 7 V 
Input Current, Pin 4 
±10 mA 


""Selection 
for higher 
output 
voltages 
up to 20 V is available. 


• 


Electrical Characteristics 
Over recommended 
temperature 
(TA = O°C to +70°C) unless otherwise 
specified. See note 1. 


Parameter 
Sym. 
Min. 
Typ •• 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


High Level Output 
lOR 
5.5 
100 
lJA 
Vcc = 5.5 V, Vo = 5.5 V, 
1 
Current 
II = 250 J,LA,VE= 2.0 V 


Low Level Output 
VOL 
0.35 
0.6 
V 
Vcc = 5.5 V, II = 5 mA, 
2,4, 
Voltage 
VE=2.0V, 
5,14 
IOL(Sinking) = 13 mA 


High Level Supply 
IcCH 
7.5 
10 
mA 
Vcc = 5.5 V, II = 0 mA, 


Current 
VE=0.5V 


Low Level Supply 
ICCL 
10 
13 
mA 
Vcc = 5.5 V, II = 60 mA, 


Current 
VE =0.5V 


High Level Enable 
IER 
-0.7 
-1.6 
mA 
Vcc = 5.5 V, VE= 2.0 V 
Current 


Low Level Enable 
IEL 
-0.9 
-1.6 
mA 
Vcc = 5.5 V, VE= 0.5 V 
Current 


High Level Enable 
VER 
2.0 
V 
11 
Voltage 


Low Level Enable 
VEL 
0.8 
V 
Voltage 


2.0 
2.4 
11=5mA 
Input Voltage 
VI 
V 
3 
2.3 
2.7 
11= 60 mA 


Input Reverse 
VR 
0.75 
0.95 
V 
IR =5 mA 
Voltage 


Input Capacitance 
CIN 
90 
pF 
VI = 0, f = 1 MHz 


Input-Output 
VISO 
2500 
VIlMS 
RH :550%, t = 1 min 
2,11 
Insulation 
TA = 25°C 


Resistance 
~-O 
1012 
n 
V1-o = 500 V 
2 
(Input-Output) 


Capacitance 
C1-o 
0.6 
pF 
f= 1 MHz 
2 
(Input-Output) 


Notes: 
1. Bypassing 
of the power 
supply 
line is required, 
with a O.11l! ceramic 
disc capacitor 
adjacent 
to each optocoupler 
as 
illustrated 
in Figure 
15. Total 
lead length 
between 
both ends 
of the capacitor 
and the isolator 
pins should 
not exceed 
10 mnt. 
2. Device 
considered 
a two terminal 
device: pins 
1, 2, 3 and 4 shorted 
together, 
and pins 5, 6, 7 and 8 shorted 
together. 
3. The tPLlI propagation 
delay 
is measured 
from the 3.75 mA point 
on the trailing 
edge of the input 
pulse 
to the 
1.5 V point on 
the tral1ing 
edge of the output 
pulse. 
4. The tPH~.propagation 
delay is measured 
from the 3.75 mA point 
on the leading 
edge of the input 
pulse 
to the 
1.5 V point 
on 
the leading 
edge of the output 
pulse. 


5. The _tj:LHenable 
propagation 
delay is measured 
from the 
1.5 V point 
on the trailing 
edge of the enable 
input 
pulse 
to the 
1.5 V point 
on the trailing 
edge of the output 
pulse. 


6. The tEHLenable 
propagation 
delay is measured 
from the 
1.5 V point on the leading 
edge of the enable 
input 
pulse 
to the 
1.5 V 
point 
on the leading 
edge of the output 
pulse. 


Switching Specifications 
Over recommended 
temperature 
(TA = O°C to +70°C), Vcc = 5 V, II= 7.5 mA, unless otherwise 
specified. 


Parameter 
Symbol 
Device 
MiD. 
Typ.- 
Mas. 
Units 
Teat 
Conditions 
Fig. 
Note 


Propagation 
Delay 
75 
ns 
T. = 25°C I 
Time to High Output 
tpLH 
20 
48 
6,7,8 
3 
Level 
100 
n8 


Propagation 
Delay 
75 
n8 
T. = 250C I 
Time to Low Output 
tpHL 
25 
50 
6,7,8 
4 


Level 
100 
n8 
~=350n 
Pulse Width 
1t..L-tPL. I 
3.5 
35 
n8 
CL = 15 pF 
9 
13 


Distortion 


Propagation 
Delay 
tp8K 
40 
n8 
12, 


Skew 
13 


Output 
Rise Time 
t, 
24 
n8 
12 


(10·90%) 


Output 
Fall Time 
t, 
10 
n8 
12 


(90·10%) 


Propagation 
Delay 
tELH 
30 
n8 
RL = 350 n, CL = 15 pF, 
Time of Enable 
from 
Vu=OV,Vo.=3V 
10,11 
5 


Vo• to VOL 
Propagation 
Delay 
tEHL 
20 
ns 
RL - 350 n, CL - 15 pF, 


Time of Enable 
from 
Vu=OV,Vo.=3V 
10,11 
6 


VOLto VO• 


Common 
Mode 
HCPL-2602 
1000 
10,000 
Ve•• = 50V 
V O(_IN) = 2 V, 


Transient 
ICM.I 
V/J.lB 
RL = 350 n, 
13 
7,9, 


Immunity 
at High 
HCPL-2612 
3500 
15,000 
Ve•• = 300 V 
I=OmA, 
10 


Output 
Level 
T. = 25°C 


Common 
Mode 
HCPL-2602 
1000 
10,000 
Ve•• =50V 
V"'''All) = 0.8 V, 


Transient 
ICMLI 
V/J.lB 
RL = 350n, 
13 
8,9 


Immunity 
at Low 
HCPL-2612 
3500 
15,000 
Ve•• = 300 V 
~ = 7.5mA, 
10 


Output 
Level 
• = 250C 


7. eM. 
is the maximum 
tolerable 
rate of rise of the ocmmon mode voltage to assure 
that 
the output 
will remain 
in a high logic 


state 
(Le., V OUT > 2.0 V). 


8. ~ 
i8 the maximum 
tolerable 
rate of fall of the ocmmon mode voltage to assure 
that 
the output 
will remain 
in a low logic 


state 
(Le., V0lJT < 0.8 V). 


9. For sinusoidal 
voltages, 


I dve •• I 
= roe ••Vc •• (p-p) 
dt 
max 
10. No external 
pull up is required 
for a high logic state 
on the enable 
input. 
If the V0 pin is not used, tying V0 to Vee will result 
in improved 
CMR performance. 
11. In accordance 
with UL 1577, each optocoupler 
is proof tested 
by applying 
an insulation 
test voltage of ~ 3000 for one second 


(leakage 
detection 
current 
limit, I,.• ~ 5 j1A). 


12. tf8K is qual to the worst case difference 
in tp•L and/or tpL• that 
will be seen between 
units 
at any given temperature 
within 


the operating 
condition 
range. 


13. See the last 2 pages of thi8 data sheet for more information. 
• 


Vcc 
= 5.5 V 
Vo =5.5V 
VE =2.0V 
\ 


IF = 250}.IA 
\r'-.. 


..•..•... 


Figure 
1. High Level Output 
CUJTent va. Temperature. 


Figure 
4. Output 
Voltage 
VB. 
Forward 
Input 
CUJTent. 
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Figure 
7. Propagation 
Delay 
VB. 
Temperature. 
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Figure 
2. Low Level Output 
Voltage 
va. Temperature. 
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Figure 
6. Low Level Output 
CUJTent va. Temperature. 
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Figure 
8. Propagation 
Delay va. 


Pulse 
Input 
Current. 


Figure 
6. Test Circuit 
for tpBL and 


tpLIt' 
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Figure 
9. Pulse 
Width Distortion 
va. 


Temperature. 


Figure 
10. Test Circuit 
for < 
and 
< 
"'BL 
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Figure 
13. Test Circuit 
for Common 
Mode Transient 
Immunity 
and 
Typical 
Waveforms. 
. 


Using the HCPL·2602/12 
Line Receiver 
Optocouplers 
The primary objectives to fulfill 
when connecting an optocoupler 
to a transmission 
line are to 
provide a minimum, but not 
excessive, LED current and to 
properly terminate 
the line. The 
internal regulator in the HCPL- 
2602/12 simplifies this task. 
Excess current from variable 
drive conditions such as line 
length variations, line driver 
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Figure 
11. Enable 
Propagation 
Delay 
VB. Temperature. 
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Figure 
14. Input 
Threshold 
Current 


V6. Temperature. 


differences and power supply 
fluctuations are shunted by the 
regulator. In fact, with the LED 
current regulated, the line 
current can be increased to 
improve the immunity ofthe 
system to differential-mode- 
noise and to enhance the data 
rate capability. The designer 
must keep in mind the 60 mA 
input current maximum rating 
of the HCPL-2602l12 in such 
cases, and may need to use 
series limiting or shunting to 
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Figure 
12. Rise and Fall Time 
VB. 


Temperature. 
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Figure 
15. Recommended 
Printed 
Circuit 
Board 
Layout. 


Design of the termination 
circuit is also simplified; in most 
cases the transmission 
line can 
simply be connected directly to 
the input terminals 
of the 
HCPL-2602l12 without the need 
for additional series or shunt 
resistors. If reversing line drive 
is used it may be desirable to 
use two HCPL-2602l12 or an 
external Schottky diode to 
optimize data rate. 


Polarity Non-Reversing 
Drive 
High data rates 
can be obtained 
with the HCPL-2602l12 
with 
polarity 
non-reversing 
drive. 
Figure (a) illustrates 
how a 
74S140 line driver can be used 
with the HCPL-2602l12 
and 
shielded, 
twisted 
pair or coax 
cable without 
any additional 
components. 
There are some 
reflections 
due to the "active 
termination" 
but they do not 
interfere 
with circuit perform- 
ance because the regulator 
clamps the line voltage. At 
longer line lengths 
tpLH 
increases 
faster 
than tpHLsince 
the switching 
threshold 
is not 
exactly halfway between 
asymptotic 
line conditions. 
If 
optimum 
data rate is desired, 
a 
series resistor 
and peaking 
capacitor 
can be used to 
equalize 
tpLHand tpHL'In 
general, 
the peaking 
capaci- 
tance should be as large as 
possible; however, 
if it is too 
large it may keep the regulator 
from achieving 
turn-off during 
the negative 
(or zero) excursions 
of the input signal. A safe rule: 


make C S 16t 


where: 
C = peaking 
capacitance 
in 
picofarads 
t = data bit interval 
in 
nanoseconds 


Polarity Reversing 
Drive 
, 


A single HCPL-2602l12 
can also 
be used with polarity 
reversing 
drive (Figure b). Current 
reversal 
is obtained 
by way of 
the substrate 
isolation 
diode 
(substrate 
to collector). Some 
reduction 
of data rate occurs, 
however, because 
the substrate 
diode stores charge, which must 
be removed when the current 


changes to the forward 
direction. 
The effect ofthis 
is a 
longer tpHL'This effect can be 
eliminated 
and data rate 
improved 
considerably 
by use of 
a Schottky 
diode on the input of 
the HCPL-2602l12. 


For optimum 
noise rejection 
as 
well as balanced 
delays a split- 
phase termination 
should be 
used along with a flip-flop at the 
output 
(Figure c). The result 
of 
current 
reversal 
in split-phase 
operation 
is seen in Figure (c) 
with switches A and B both 
OPEN. The coupler inputs 
are 
then connected in ANTI- 
SERIES; however, because of 
the higher 
steady-state 
termina- 
tion voltage, in comparison 
to 
the single HCPL-2602l12 
termination, 
the forward 
current 
in the substrate 
diode is 
lower and consequently 
there is 
less junction 
charge to deal with 
when switching. 


Closing switch B with A open is 
done mainly to enhance 
common 
mode rejection, 
but also reduces 
propagation 
delay slightly 
because line-to-line 
capacitance 
offers a slight peaking 
effect. 


With switches A and B both 
CLOSED, the shield acts as a 
current 
return 
path which 
prevents 
either input substrate 
diode from becoming reversed 
biased. Thus the data rate is 
optimized 
as shown in 
Figure 
(c). 


Improved Noise 
Rejection 
Use of additional 
logic at the 
output 
of two HCPL-2602l12s, 
operated 
in the split phase 
termination, 
will greatly 
improve system noise rejection 
in addition 
to balancing 
propagation 
delays as discussed 


A NAND flip-flop offers infinite 
common mode rejection 
(CMR) 
for NEGATIVELY 
sloped 
common mode transients 
but 
requires 
~ 
> ~ 
for proper 
operation. 
A NOR flip-flop has 
infinite 
CMR for POSITIVELY 
sloped transients 
but requires 
~ 
< ~ 
for proper operation. 
An exclusive-OR 
flip-flop has 
infinite 
CMR for common mode 
transients 
of EITHER 
polarity 
and operates 
with either 
tpHL> tpLHor tpHL< ~. 


With the line driver and 
transmission 
line shown in 
Figure (c), tpHL> ~, 
so NAND 
gates are preferred 
in the R-S 
flip-flop. A higher 
drive 
amplitude 
or different 
circuit 
configuration 
could make 
tpHL< tpLH'in which case NOR 
gates would be preferred. 
If it is 
not known whether 
tpHL> ~ 
or 
tpHL< tpLH'or if the drive 
conditions 
may vary over the 
boundary 
for these conditions, 
the exclusive-OR 
flip-flop of 
Figure (d) should be used. 


RS-422 and RS-423 
Line drivers 
designed 
for RS- 
422 and RS-423 generally 
provide adequate 
voltage and 
current 
for operating 
the HCPL- 


2602/12. Most drivers 
also have 
characteristics 
allowing the 
HCPL-2602l12 
to be connected 
directly to the driver terminals. 
Worst case drive conditions, 
however, 
would require 
current 
shunting 
to prevent 
overstress 
of the HCPL-2602l12. 
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NAND flip flop tolerates 
simultaneously 
HIGH 
inputs; 
NOR flip flop 


toklrates 
simultaneously 


lOW 
inputs; 
EXCLUSIVE· 


OR flip flop tolerates 
simultaneously 
HIGH OR 


lOW 
inputs 
without 
causing 
either 
of the 


outputs 
to change. 


Propagation Delay, 
Pulse-Width Distortion 
and Propagation Delay 
Skew 
Propagation 
delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high (tpw) 
is the amount of time required 
for an input signal to propagate 
to the output, causing the 
output to change from low to 
high. Similarly, the propagation 
delay from high to low (tpHL)is 
the amount oftime required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 6). 


Pulse-width distortion (PWD) 
results when tpw and tpm..differ 
in value. PWD is defined as the 
difference between tpw and tpllL 
and often determines the 
maximum data rate capability 
of a transmission 
system. PWD 
can be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. 
Typically, 


PWD on the order of 20-30% of 
the minimum pulse width is 
tolerable; the exact figure 
depends on the particular 
appli- 


cation (RS232, RS422, T-1, etc.). 


Propagation 
delay skew, tpSK'is 
an important 
parameter 
to 
consider in parallel data appli- 
cations where synchronization 
of signals on parallel data lines 


is a concern. Ifthe parallel data 
is being sent through a group of 
optocouplers, differences in 
propagation delays will cause 
the data to arrive at the outputs 
ofthe optocouplers at different 
times. If this difference in 
propagation delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation delay skew is 
defined as the difference 
between the minimum and 
maximum propagation delays, 
either tpLHor tpHL'for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same drive 
current, supply voltage, output 
load, and operating tempera- 
ture). As illustrated 
in Figure 


16, if the inputs of a group of 
optocouplers are switched either 
ON or OFF at the same time, 
tpSKis the difference between 
the shortest propagation delay, 
either tpHLor tpHL'and the 
longest propagation delay, 
either tpLHor tpIIL' 


As mentioned earlier, tpSKcan 
determine the maximum 
parallel data transmission 
rate. 


Figure 17 is the timing diagram 
of a typical parallel data 
application with both the clock 
and the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and 


outputs ofthe optocouplers. To 
obtain the maximum data 
transmission 
rate, both edges of 
the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation 
delay skew 
represents 
the uncertainty 
of 
where an edge might be after 
being sent through an 
optocoupler. Figure 17 shows 
that there will be uncertainty 
in 


both the data and the clock 
lines. It is important 
that these 
two areas of uncertainty 
not 
overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, 
the absolute 
minimum pulse width that can 
be sent through optocouplers in 
a parallel application is twice 
tpSK'A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty 
in the rest of the 
circuit does not cause a 
problem. 


The tpSKspecified optocouplers 
offer the advantages 
of 


guaranteed 
specifications for 
propagation delays, pulse-width 
distortion and propagation 
delay skew over the 
recommended temperature, 
input current, and power supply 
ranges. 


Figure 
16. illustration 
of Propagation 
Delay 
Skew-tp 
•••• 
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Dual Channel High CMR High 
Speed TTL Compatible 
Optocoupler 


Technical Data 


Features 
• Internal 
Shield 
for High 
Common 
Mode Rejection 
(CMR) 
HCPL-2631: 10,000 V/lJ.s@ 
VCN:= 50 V (Typical) 
HCPL-4661: 15,000 V/lJ.S @ 
VCN:= 1000 V (Typical) 
• High Density 
Packaging 
• Low Input 
CWTent 
Capabili~,: 
5 mA 
• High Speed: 
10 MBd 
Typical 


• LSTI'L and TI'L 
Compatible 
• Guaranteed 
AC and DC 
Performance 
Over 
Temperature: 
-40°C to 85°C 
• Recognized 
Under 
the 
Component 
Program 
of 
UL. (File No. E55361) for 
Dielectric 
Withstand 
Proof 
Test Voltages 
of 2500 VAC, 
1 Minute 
and 5000 VAC, 1 
Minute 
(Option 
020) 
Pending 
Approval. 
• CSA Approved 
under 
Component 
Acceptance 
Notice 
No.5 
(File No. LR 
88324) 
• Hermetic 
Equivalent 
Device Available 
(HCPL- 
5630131) 


Description 
The HCPL-2630/HCPL-26311 
4661 are dual channel optically 
coupled logic gates that combine 
GaAsP light emitting diodes 
and integrated high gain photo- 
detectors. The photons are 
collected in the detector by a 
photodiode and the current is 
amplified by a high gain linear 
amplifier that drives a Schottky 
clamped open collector output 
transistor. 
Each circuit is tem- 
perature, 
current and voltage 
compensated. The internal 
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I 
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1 
I 


TYPE 
NUMBER 
DATE CODE 
I 
6.10 (.240) 
7.36 (.290) 
6.60 (.260) 
7.88 C'3TOI 


2 
3 
4 
~~COGNlTtON !.__ 
I _ 


I -I 
1-1.781.0701 
MAX 


___ 
1.19 (.0471 MAX. 


A.NODE, 
1 


+ 4.70 (.185) MAX. 


I 
I 
-- 
~ 
CATHODE, 


t l 0.5' 
1.0201 


I 
-----t::=.- 
MIN. 
CATHODE2 
II 
2.921.115) 
MIN. 


i"=~ 
~:~:~:~:~ 
MAX. 
ANODE, 
4 


2.80 (.110) 


HCPL-2630 
HCPL-2631 
HCPL-4661 


shield provides a guaranteed 
common mode transient 
im- 


munity specification of 5000 
V/lJ.sfor the 2631, and 10,000 
V/lJ.Sfor tbe HCPL-4661. 


The unique design provides 
maximum AC and DC circuit 
isolation while achieving 
LSTTL and TTL compatibility. 
The optocoupler AC and DC 
operational parameters 
are 
guaranteed 
from -40°C to 
+85°C. The dual channel design 
minimizes space and results in 
increased convenience. 


0.18 (,007) 
0.33 (.013) j.-, 


The HCPL-2630/263114661 are 
recommended for high speed 
logic interfacing, input/output 
buffering, and for use as line 
receivers in environments 
that 
conventional line receivers 
cannot tolerate. The HCPL- 
2630/263114661 can be used for 
the digital programming 
of 
machine control systems, 
motors and floating power 
supplies. The internal 
shield 
makes the HCPL-2631J4661 
ideal for use in extremely high 
ground or induced noise 
environments. 


Applications 
• Isolation 
of High Speed 
Logic Systems 
• Microprocessor 
System 
Interfaces 
• Isolated 
Line Receiver 
• Computer-Peripheral 
Interfaces 
• Ground 
Loop Elimination 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Power 
Transistor 
Isolation 
in Motor Drives 
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Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, Low Level 
Each Channel 
IFL 
0 
250 
~ 


Input Current, High Level 
Each Channel 
IFH* 
5 
15 
mA 


Supply Voltage, Output 
Vcc 
4.5 
5.5 
V 


Fan Out (@ ~ 
= 1 kQ) 
Each Channel 
N 
5 
TTLLoads 


Output Pull-up Resistor 
~ 
330 
4K 
Q 


Operating Temperature 
TA 
-40 
85 
°C 


"The initial 
switching 
threshold 
is 5 mA or less. It is recommended 
that 
input 


current 
between 
6.3 mA and 10 mA be used to obtain 
best performance 
and to 
provide at least a 20% LED degradation 
guardband. 


Absolute Maximum Ratings 
(No Derating Required up to 85°C) 
Storage Temperature 
-55°C to +125°C 
Operating Temperature 
-40°C to +85°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 
Average Forward 
Input Current (each channel, See note 2) 
15 mA 
Reverse Input Voltage (each channel) 
5 V 
Supply Voltage - Vcc (l Minute Maximum) 
7 V 
Output Collector Current - 10 (each channel) 
16 mA 
Output Collector Voltage - Vo (each channel)** 
7 V 
Output Collector Power Dissipation (each channel) 
60 mW 
• 


Electrical Characteristics 
Over recommended 
temperature 
(TA = -40°C to +85°C) unless otherwise 
specified. (See note 1.) 


Parameter 
Sym. 
Min. 
Typ •• 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


High Level Output 
IOH 
5.5 
100 
~ 
Vcc = 5.5 V, Vo = 5.5 V, 
2 
3 
Current 
IF=250~ 


Low Level Output 
Vcc = 5.5 V, IF = 5 mA, 
3,5, 
3 
Voltage 
VOL 
0.35 
0.6 
V 
IOL(Sinking) = 13 mA 
6,15 


High Level Supply 
ICCH 
10 
15 
mA 
Vcc = 5.5 V, IF = 0 mA 
Current 
(Both Channels) 


Low Level Supply 
ICCL 
13 
21 
mA 
Vcc = 5.5 V, IF = 10 mA 
Current 
(Both Channels) 


Input Forward 
1.4 
1.5 
1.75 
TA = 25°C I 
Voltage 
VF 
V 
IF = 10 mA 
4 
3 
1.3 
1.80 


Input Reverse 
BVR 
5 
V 
IR= 10 J.1A, 
3 
Breakdown 
Voltage 


Input Capacitance 
CJN 
60 
pF 
VF=O,f= 
1 MHz 
3 


Input Diode 
tNF 
Temperature 
t!.TA 


-1.6 
mV/oC 
IF = 10 mA 
13 
Coefficien t 


Input-Output 
VlSO 
2500 
VRMS RH ~ 50%, t = 1 Min 
12 
Insulation 
TA = 25°C 


IOpt. 020 (Pending) 
VlSQ 
5000 
15 


Input-Input 
Leakage 
1101 
0.005 
~ 
Relative 
Current 
Humidity 
= 45% 
5 
t = 5 S, Viol= 500 V 


Resistance 
~oI 
lOll 
n 
VH= 500V 
(Input-Input) 
5 
Capacitance 
CloI 
0.25 
pF 
f= 1 MHz 
(Input-Input) 


Resistance 
~-O 
1012 
n 
Vw = 500 V 
(Input-Output) 


4 


Capacitance 
Cw 
0.6 
pF 
f= 1 MHz 
(Input-Output) 


Switching Specifications 
Over recommended 
temperature 
(TA = -40°C to +85°C), Vcc = 5 V, IF = 7.5 mA, unless otherwise 
specified. 


Parameter 
Symbol 
Device 
MiD. 
Typ.- 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay 
75 
ns 
TA = 25"C I 
Time to High 
t.LH 
20 
48 
8,9 
3,6 
Output 
Level 
100 
ns 


Propagation 
Delay 
75 
ns 
TA = 25"C I 
Time to Low Output 
t.HL 
25 
50 
8,9 
3,7 
Level 
100 
ns 
RL=350n 
Pulae Width 
It.HL-tpLHI 
3.5 
35 
ns 
CL = 15 pF 
10 
13 
Distortion 


Propagation 
Delay 
tpSK 
40 
ns 
13,14 
Skew 


Output 
Rise Time 
t, 
24 
ns 
11 
3 
(10-90%) 


Output 
Fall Time 
t, 
10 
ns 
11 
3 
(90-10%) 


Common Mode 
HCPlr2630 
10,000 
Veil = 10V 
V O(IIIN) = 2 V, 
Transient 
RL = 350 n, 


Immunity 
at High 
ICMHI 
HCPlr2631 
5,000 
10,000 
VII'S 
Veil = 50V 
?=0mA, 
12 
3,8, 
Output 
Level 
A = 25"C 
10 
HCPlr4661 
10,000 
15,000 
Veil = 1000 V 


Common Mode 
HCPlr2630 
10,000 
Veil = 10V 
V","",,) = 0.8 V, 
Transient 
RL= 350n, 
Immunity 
at Low 
ICMLI 
HCPlr2631 
5,000 
10,000 
VII'S 
Vcll=50V 
I.=7.5mA 
12 
3,9, 
Output 
Level 
TA = 25°C 
10 
HCPlr4661 
10,000 
15,000 
Veil = 1000 V 


Notes: 
1. Bypassing 
of the power supply line is required, 
with a 0.11'F' ceramic 
disc capacitor 
adjacent 
to each optocoupler 
as 
illustrated 
in Figure 
15. Total lead length 
between 
both ends of the capacitor 
and the isolator 
pins should not exceed 10 mm. 


2. Peaking 
circuits 
may produce transient 
input currents 
up to 50 mA, 50 ns maximum 
pulse width, provided 
average 
current 
does not exceed 15 mA. 
3. Each chaone\. 
4. Measured 
between 
pins I, 2, 3, aod 4 shorted 
together, 
and pins 5, 6, 7, and 8 shorted 
together. 
5. Measured 
between 
pins 1 aod 2 shorted 
together, 
and pins 3 and 4 shorted 
together. 
6. The tpL.qpropagation 
delay is measured 
from the 3.75 mA point on the trailing 
edge of the input 
pulse to the 1.5 V point on 
the trailing 
edge of the output 
pulse. 
7. The tpHL.propagation 
delay is measured 
from the 3.75 mA point on the leading edge of the input 
pulse to the 1.5 V point on 
the leading 
edge of the output 
pulse. 
8. CMH is the maximum 
tolerable 
rate of rise of the common mode voltage to assure 
that 
the output 
will remain 
in a high logic 
state (Le., VOUT > 2.0 V). 
9. CML is the maximum 
tolerable 
rate of fan of the common mode voltage to assure 
that 
the output 
will remain 
in a low logic 
state (Le., Vpu,. > 0.8 V). 
10. For sinusoidal 
voltages, 


( 
ldVelll) 
-ltf 
V 
--- 
- 
ell ell (p-p) 
dt 
max 
11. AB illustrated 
in Figure 
15 the Vcc and GND traces 
can be located between 
the input 
and the output 
leads of the 
HCPlr263012631/4661 
to provide additional 
noise immunity 
at the compromise 
of insulation 
capability. 
12. In accordance 
with UL 1577, each optocoupler 
is proof tested by applying 
an insulation 
test voltage ~ 3000 Vrms for one 
second (leakage 
detection 
current 
limit, I,.• ~ 5 I'A). 


13. See the last 2 pages of this data sheet for more information. 
14. tf8K is equal to the worst case difference 
in tpHLand/or tPLHthat will be seen between 
units 
at any given temperature 
within 
the operating 
condition 
raoge. 


15. In accordance 
with UL 1577, each optocoupler 
is proof tested by applying 
an insulation 
test voltage 
~ 6000 Vrms for one 
second (leakage 
detection 
current 
limit, II.• ~ 5 I'A). 


• 
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Figure 2. Wgh Level Output 
Current 
VB. Temperature. 
Figure 3. Low Level Output Volt••••• 


VB. Temperature. 
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Figure 8. Low Level Output 
Current 
VB. Temperature. 
Figure II. Output Voltage VB. 
Forward Input Current. 
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Figure 8. Propagation Delay VB. 
Temperature. 
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Figure 
9. Propagation 
Delay vs. 
Pulse Input 
Current. 
Figure 
10. Pulse Width Distortion 


VS. Temperature. 
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Figure 
12. Test Circuit 
for Common 
Mode Transient 
Immunity 
and Typical 
Waveforms. 
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Figure 
11. Rise and Fall Time 
VS. 
Temperature. 
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Figure 
13. Temperature 
Coefficient 
of 


Forward 
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VS. Input 
Current. • 
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Figure 15.Input Threshold CUlTent 
Figure 16.RecommendedPrinted Circuit Board Layout. 
vs. Temperature. 


Propagation Delay, 
Pulse- Width Distortion 
and Propagation 
Delay 
Skew 
Propagation 
delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high (tpUl) 
is the amount of time required 
for an input signal to propagate 
to the output, causing the 
output to change from low to 
high. Similarly, the propagation 
delay from high to low (tpllL)is 
the amount of time required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 7). 


Pulse-width 
distortion (PWD) 
results 
when tpUl and tpllLdiffer 
in value. PWD is defined as the 
difference between tpUland tpllL 
and often determines 
the 
maximum data rate capability 
of a transmission 
system. PWD 
can be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. 
Typically, 
PWD on the order of 20-30% of 


the minimum pulse width is 
tolerable; the exact figure 
depends on the particular 
appli- 
cation (RS232, RS422, T-1, etc.). 


Propagation 
delay skew, tpSl{'is 
an important 
parameter 
to 
consider in parallel data appli- 
cations where synchronization 
of signals on parallel data lines 
is a concern. If the parallel data 
is being sent through a group of 
optocouplers, differences in 
propagation 
delays will cause 
the data to arrive at the outputs 
of the optocouplers at different 
times. If this difference in 
propagation 
delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation 
delay skew is 
defined as the difference 
between the minimum and 
maximum propagation 
delays, 
either tpUlor tpllL'for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same drive 
current, supply voltage, output 
load, and operating tempera- 


ture). As illustrated 
in Figure 
17, if the inputs ofa group of 
optocouplers are switched either 
ON or OFF at the same time, 
tpSl{is the difference between 
the shortest propagation 
delay, 


either tpllLor tpllL'and the 
longest propagation 
delay, 


either ~ 
or tpllL' 


As mentioned earlier, tPSK can 
determine the maximum 
parallel data transmission 
rate. 


Figure 18 is the timing diagram 
of a typical parallel data 
application with both the clock 
and the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and 
outputs of the optocouplers. To 
obtain the maximum data 
transmission 
rate, both edges of 
the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation 
delay skew 
represents 
the uncertainty 
of 
where an edge might be after 
being sent through an 
optocoupler. Figure 18 shows 


that there will be uncertainty 
in 
both the data and the clock 
lines. It is important 
that these 
two areas of uncertainty 
not 
overlap, otherwise 
the clock 
signal might arrive before all of 
the data outputs 
have settled, 
or 
some of the data outputs 
may 
start to change before the clock 
signal has arrived. 
From these 
considerations, 
the absolute 
minimum 
pulse width that can 
be sent through 
optocouplers 
in 
a parallel 
application 
is twice 
tpSK'A cautious 
design should 
use a slightly longer pulse width 


to ensure 
that any additional 
uncertainty 
in the rest of the 
circuit does not cause a 
problem. 


The tpSKspecified optocouplers 
offers the advantages 
of 
guaranteed 
specifications 
for 
propagation 
delays, pulse-width 
distortion 
and propagation 
delay skew over the 
recommended 
temperature, 
input current, 
and power supply 
ranges. 
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Figure 
17. IDuatration 
of Propagation 
Delay 
Skew ..tp8J[- 
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Small Outline High CMR, 
High Speed, Logic Gate 
Optocouplers 


Technical Data 


Features 
• Surface 
Mountable 
• Industry 
Standard 
SOIC-8 
Footprint 
• Compatible 
with Infrared 
Vapor Phase Reflow and 
Wave Soldering 
Processes 


• Internal 
Shield for High 
Common Mode Rejection 
(CMR) 
HCPL-0601: 
10,000 VI ~s at 
VCM = 50 V (Typical) 
HCPL-0611: 
15,000 VI ~s at 
VCM = 1000 V (Typical) 
• High Speed: 10 Mbd 
Typical 


• LSTTUrTL 
Compatible 
• Low Input 
Current 
Required: 
5 mA 


• Guaranteed 
ac and dc 
Performance 
Over Tem- 
perature: 
-40°C to +85°C 


• Strobable 
Output 
• CSA Approved 
under 
Component 
Acceptance 
Notice No.5 (File No. LR 
88324) 
• Recognized 
under 
the 
Component 
Program 
of 
U.L. (File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltage of 2500 Vac, 1 
Minute 


Description 
These small outline high CMR, 
high 
speed, logic gate 
optocouplers 
are single channel 
devices in an industry 
standard 
SOIC-8 footprint. 
They are 
electrically 
equivalent 
to the 
following HP optocouplers: 


Small Outline 
HCPL-0600 
HCPL-0601 
HCPL-0611 


Standard 
DIP 
6N137 
HCPL-2601 
HCPL-2611 


HCPL·0600 
HCPL-0601 
HCPL-0611 


The SOIC-8 package 
does not 
require 
"through 
holes" in a 
PCB. This package 
occupies 
approximately 
one-third 
the 
footprint 
area of the standard 
dual-in-line 
package. 
The lead 
profile is designed 
to be 
compatible 
with standard 
surface mount processes. 


The HCPL-0600/01l11 
optically 


coupled gates combine a GaAsP 
light emitting 
diode and an 


TYPE 
NUMBER 


(LAST 3 DIGITS) 
DATE CODE 


-.- 
! 


3.937±O.127 
(0.155 ± 0.005) 


L 


PlN 1 


ONE 
(~:~~~~g:g6~)~ 
~ 
-j 


~ 10.228 ± 0.025 
n ~IO.009±O.OOll 


0.152 
±O.OS1 
I 


(0.006± O.cX)2) 
0.406 
MIN 


10.016) 


DIMENSIONS IN MllliMETRES 
AND (INCHES). 


CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component's suscepti- 
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and 
assembly of this component to prevent damage and/or degradation which may be induced by ESD. 


5.080 ± 0.005 


r-i-fO.200± 
O.0051-~ 


3.175±O.127 nnm 
(0.125 ± 0.005) 
IT 1.524 


--L-..J 
~ 
jO.060) 


/ 


LEAD COPLANARITY 
± (~::~l 


"HP" 
IS MARKED 
ON THE UNDERSIDE 
OF THE PACKAGE 


integrated 
high gain photon 
detector. An enable input allows 
the detector to be strobed. The 
output of the detector I.C. is an 
open-collector Schottky-clamped 
transistor. 
The internal 
shield 
provides a guaranteed 
common 
mode transient 
immunity 
specification of 5000 V/~s for the 
HCPL-{)601, and 10,000 V/~s 
for the HCPL-0611. 


This unique design provides 
maximum ac and dc circuit 
isolation while achieving TI'L 
compatibility. The optocoupler 
ac and dc operational 
param- 
eters are guaranteed 
from -40°C 
to 85°C allowing trouble free 
system performance. 


The HCPL-0600/01l11 are 
suitable for high speed logic 
interfacing, 
inputJoutput 
buffering, as line receivers in 
environments 
that conventional 
line receivers cannot tolerate, 
and are recommended for use in 
extremely high ground or 
induced noise environments. 
Applications 
• Isolated 
Line Receiver 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Switching 
Power 
Supply 
• Instrument 
InputJOutput 
Isolation 
• Ground 
Loop Elimination 
• Pulse 
Transformer 
Replacement 
• Power 
Transistor 
Isolation 
in Motor Drives 


_Ice 


Vcc 
] 


. 


". ) 


I 


let 
7 


V, 


A 0.01 TO 0.1 pF BYPASS CAPACITOR 
MUST BE CONNECTED 
BETWEEN 
PINS 8 AND 5 lSee Note' 
I. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, Low Level 
I 
• 
0 
250 
~ 
FL 
Input Current, High Level 
IFH•• 
5 
15 
mA 


Supply Voltage, Output 
Vcc 
4.5 
5.5 
V 


High Level Enable Voltage 
VEH 
2.0 
Vcc 
V 


Low Level Enable Voltage 
VEL 
0 
0.8 
V 


Fan Out (Tl'L Load) 
N 
10 


Output Pull-up Resistor 
l\. 
330 
4K 
n 


Operating Temperature 
T.•• 
-40 
+85 
°C 


·The ofTcondition 
can also be guaranteed 
by ensuring 
that 
VF(ofi) S 0.8 volta. 


·"The 
initial 
switching 
threshold 
is 5 mA or less. It is recommended 
that 
6.3 mA 
and 10 mA be used for best performance 
and to permit 
at least 
20% CTR degrada- 
tion guardband. 


Absolute Maximum Ratings 
(No Derating Required up to 85°C) 
Storage Temperature 
-55°C to +125°C 
Operating Temperature 
-40°C to 85°C 
Infrared and Vapor Phase Reflow Temperature 
215°C for 90 s 
Forward Input Current - IF(see Note 2) 
20 mA 
Reverse Input Voltage 
5 V 
Supply Voltage - Vcc 
7 V (l Minute Maximum) 


Enable Input Voltage - VE •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5.5 V 
(Not to exceed Vccby more than 500 mY) 


Output Collector Current - 10•••••••••••••••••••••••••••••••••••••••••••••••••••• 
50 mA 
Output Collector Power Dissipation 
85 mW 
Output Collector Voltage - Vo (see Note 12) 
7 V 
• 


Electrical Characteristics 
Over recommended 
temperature 
(TA = -40°C to +85°C) unless otherwise 
specified. (See note 1.) 


Parameter 
Symbol 
Min. 
Typ.* 
Max. 
Units 
Conditions 
Fig. 
Note 


High Level Output 
IOH 
5.5 
100 
~ 
Vcc = 5.5 V, Vo = 5.5 V, 
1 
12 
Current 
IF = 250 J.1.A,VE = 2.0 V 


Low Level Output 
Vcc = 5.5 V, IF = 5 mA, 
2,4, 


Voltage 
VOL 
0.35 
0.6 
V 
VE=2.0V, 
5, 15 
IOL(Sinking) 
= 16 mA 


High Level Supply 
ICCH 
7.0 
10.0* 
mA 
VE=0.5V 
Vcc = 5.5 V, 


Current 
IF = 0 
6.5 
VE = Vcc 


Low Level Supply 
ICCL 
9.0 
13.0* 
mA 
VE= 0.5 V 
Vcc = 5.5 V, 


Current 
IF = 10mA 
8.5 
VE = Vcc 


High Level Enable 
IEH 
-0.7 
-1.6 
mA 
Vcc = 5.5 V, VE = 2.0 V 
Current 


Low Level Enable 
IEL 
-0.9 
-1.6 
mA 
Vcc = 5.5 V, VE = 0.5 V 
Current 


High Level Enable 
VEH 
2.0 
V 
12 


Voltage 


Low Level Enable 
VEL 
0.8 
V 
Voltage 


Input Forward 
1.4 
1.5 
1.75* 
TA = 25°C 
Voltage 
VF 
V 
3, 14 
1.3 
1.80 
I~=lOmA 


Input Reverse 
BVR 
5 
V 
IR = 10~ 
Breakdown 
Voltage 


Input Capacitance 
CIN 
60 
pF 
VF=O,f= 
1 MHz 


Input Diode 
t:NF 
Temperature 
-- 
-1.6 
mV/oC 
IF = 10 mA 
14 
Coefficient 
t1TA 


Input-Output 
11-0 
1 
~ 
45% RH, t = 5 s, 
3, 15 


Insulation 
VI_O= 3 kVdc, TA = 25°C 


VIsa 
2500 
VRMS 
RH ~ 50%, t = 1 MIN 
3, 15 


I OPT020 
- 
VIsa 
5000 
16 


Resistance 
R,-o 
1012 
n 
VI.O = 500V 
3 
(Input-Output) 


Capacitance 
CI-Q 
0.6 
pF 
f= 1 MHz 
3 
(Input-Output) 


Switching Specifications 
Over recommended 
temperature 
(TA = -40°C to +85°C), Vee = 5 V, IF = 7.5 mA unless otherwise 
specified. 


Parameter 
Symbol 
Device 
MiD. 
Typ •• 
MaL 
Unita 
Test 
Conditions 
FiC· 
Note 


Propagation 
Delay 
t.LH 
20 
48 
75 
ns 
T. = 25"C I 
6,7 
4 
Time to High 
Output 
Level 
100 
ns 


Propagation 
Delay 
t.HL 
25 
50 
75 
ns 
T. = 25"C I 
6,7 
5 
Time to Low 
Output 
Level 
100 
ns 


Pulse 
Width 
It.HL-t.LH I 
3.5 
35 
ns 
Rc=35on 
9 
14 
Distortion 


Propagation 
Delay 
tp8K 
40 
ns 
6,14 


Skew 


Output 
Rise Time 
t, 
24 
ns 
12 
(10-90%) 
CL = 15 pF 


Output 
Fall 
Time 
t, 
10 
ns 
12 
(90-10%) 


Propagation 
Delay 
Rc = 350 n, CL = 15 pF, 
10, 
7 


Time 
of Enable 
tELH 
30 
ns 
VBL=OV,VB.=3V 
11 
from VBHto VBL 


Propagation 
Delay 
~ 
= 350 n, CL = 15 pF, 
10, 
8 
Time 
of Enable 
tICHL 
25 
ns 
BL= 0 V, VBH= 3 V 
11 
from VBLto VBH 
HCPL-06oo 
10,000 
VclI=10V 
Common 
Mode 
VOlIII") = 2 V, 
Transient 
ICM.I 
HCPL-0601 
5000 
10,000 
V/Il8 
VclI=50V 
Rc = 3500. 
13 
9,11, 


Immunity 
at High 
I, =0 
mA, 
12 
Output 
Level 
HCPL-0611 
10,000 
15,000 
VCII = 1000 V 
T. = 25"C 


HCPL-0600 
10,000 
VclI=10V 
Common 
Mode 
V0l1l'~1'= 0.8 V, 
Transient 
ICMLI 
HCPL-0601 
5000 
10,000 
VlIl8 
VclI=50V 
RL = 
0 n, 
13 
10, 


Immunity 
at Low 
?=7.5mA 
11, 


Output 
Level 
HCPL-0611 
10,000 
15,000 
VCII = 1000 V 
• = 25"C 
12 


·All typicals 
are at Vcc = 5 V, T. = 25°C 


Notes: 
1. Bypassing 
of the power 
supply 
line is required 
with a 0.1jU' 
ceramic 
disc capacitor 
adjacent 
to each optocoupler 
as illus- 


trated 
in Fig. 
16. Total 
lead length 
between 
both ends 
of the capacitor 
and the isolator 
pins 
should 
not exceed 
10 mm. 


2. Peaking 
circuita 
may produce 
transient 
input 
currents 
up to 50 mA, 50 ns maximum 
pulse 
width, 
provided 
averoge 
current 


does not exceed 
20 mA. 
3. Device 
considered 
a two terminal 
device: pins 
I, 2, 3 and 4 shorted 
together, 
and pins 5, 6, 7 and 8 shorted 
together. 


4. The tPLJI.propagation 
delay 
is measured 
from the 3.75 mA point on the trailing 
edge of the input 
pulse 
to the 
1.5 V point on 
the tralling 
edge of the input 
pulse 
to the 
1.5 V point on the troiling 
edge of the output 
pulse. 


5. The t'HL. propagation 
delay 
is measured 
from the 3.75 mA point on the leading 
edge of the input 
pulse 
to the 
1.5 V point 
on 
the leading 
edge of the output 
pulse. 
6. TPB.is equal 
to the worst 
case difference 
in tpHLand/or 
tPLHthat 
will be seen between 
units 
at any given temperature 
within 


the operating 
condition 
range. 


7. The ~eLHenable 
propagation 
delay is measured 
from the 
1.5 V point on the trailing 
edge of the enable 
input 
pulse 
to the 


1.5 
V point 
on the trailing 
edge of the output 
pulse. 


8. The tBHLenable 
propagation 
delay is measured 
from the 
1.5 V point on the leading 
edge of the enable 
input 
pulse 
to the 
1.5 V 


point 
on the leading 
edge of the output 
pulse. 


9. CMH is the maximum 
tolerable 
rote of rise of the common 
mode voltage 
to a88ure that 
the output 
will remain 
in a high logic 


state 
(Le., V OUT > 2.0 V). 
10. CML is the maximum 
tolerable 
rote of fall of the common 
mode voltage 
to a88ure 
that 
the output 
will remain 
in a low logic 


state 
(Le., VOqT < 0.8 V). 


11. For sinusoidal 
voltages, 


( Id~"1 
)max 
= ltfCIIVCII(p-p) 


• 


12. No external 
pull up is required 
for a high logic state on the enable input. If the V. pin is not used, tying V. to Vocwill result 


in improved 
CMR performance. 


13. Selection for higher output 
voltages up to 20 V is available. 
14. See the last two pages of this data sheet for more information. 
15. In 8CCOrdance with UL1577, each optocoupler 
is proof tested by applying 
an insulation 
test voltage ~ 3000 V•••• for one second 


(leakage 
detection 
current 
limit, ~-o ~ 51lA). 


16. In 8CCOrdance with UL1577, each option 020 optocoupler 
is proof tested by applying 
an insulation 
test voltage ~ 6000 V•••• for 


one second (leakage 
detection 
current 
limit, ~-o ~ 51lA). 
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Figure 
1. High 
Level 
Output 


Current 
VB. Temperature. 


Figure 
4. Output 
Voltage 
vs. 


Forward 
Input 
Current. 
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Figure 
2. Low Level 
Output 
Voltage 
va. Temperature. 
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Figure 
5. Low Level 
Output 
Current 
VB. Temperature. 
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Figure 8. Test Circuit for tpBL 
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Figure 9. Pulse Width Distortion 
V8. Temperature. 
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Figure 7. Propagation Delay V8. 
Temperature. 
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Figure 
12. Rise and Fall Time 
VS. 
Temperature. 


Figure 
14. Temperature 
Coefficient 
of Forward 
Voltage 


VS. Input 
Current. 
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Figure 
13. Test Circuit 
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Propagation Delay, 
Pulse-Width Distortion 
and Propagation Delay 
Skew 
Propagation 
delay is a figure of 


merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high (tpLH) 
is the amount oftime required 
for an input signal to propagate 
to the output, causing the 
output to change from low to 
high. Similarly, the propagation 
delay from high to low (tpHL)is 
the amount of time required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 6). 


Pulse-width distortion (PWD) 
results when tpLHand tpHLdiffer 
in value. PWD is defined as the 
difference between tpLHand tpHL 
and often determines the 
maximum data rate capability 
of a transmission 
system. PWD 


can be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. 
Typically, 


PWD on the order of 20-30% of 
the minimum pulse width is 
tolerable; the exact figure 
depends on the particular 
appli- 


cation (RS232, RS422, T-1, etc.). 


Propagation 
delay skew, tpSK'is 


an important 
parameter 
to 


consider in parallel data appli- 
cations where synchronization 
of signals on parallel data lines 


is a concern. If the parallel data 
is being sent through a group of 
optocouplers, differences in 
propagation delays will cause 
the data to arrive at the outputs 
of the optocouplers at different 
times. If this difference in 
propagation delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation delay skew is 
defined as the difference 
between the minimum and 
maximum propagation delays, 
either tpLHor tpHL'for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same drive 
current, supply voltage, output 
load, and operating tempera- 
ture). As illustrated 
in Figure 
18, if the inputs of a group of 
optocouplers are switched either 
ON or OFF at the same time, 
tpSKis the difference between 
the shortest propagation delay, 
either tpHLor tp1lL,and the 
longest propagation delay, 
either tpLHor tpllL· 


As mentioned earlier, tpSKcan 
determine the maximum 
parallel data transmission 
rate. 


Figure 19 is the timing diagram 
of a typical parallel data 
application with both the clock 
and the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and 


outputs of the optocouplers. To 
obtain the maximum data 
transmission 
rate, both edges of 


the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation 
delay skew 
represents 
the uncertainty 
of 
where an edge might be after 
being sent through an 
optocoupler. Figure 19 shows 
that there will be uncertainty 
in 


both the data and the clock 
lines. It is important 
that these 


two areas of uncertainty 
not 


overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, 
the absolute 


minimum pulse width that can 
be sent through optocouplers in 
a parallel application is twice 
tpSK.A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty 
in the rest of the 


circuit does not cause a problem. 


The tpSKspecified optocouplers 
offer the advantages 
of 


guaranteed 
specifications for 


propagation delays, pulse-width 
distortion and propagation 
delay skew over the 
recommended temperature, 
input current, and power supply 
ranges. 
• 
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High Speed Optocouplers 


Technical Data 


Features 


• Very High Common 
Mode 
Transient 
Immunity: 
15000 
V/~ at VeM = 1500 V 
Guaranteed 
(HCPL·4503) 
• High Speed: 
1 Mb/s 
• TI'L Compatible 
• Guaranteed 
ac and dc 
Performance 
Over 
Temperature: 
O°Cto 70°C 
• Open Collector 
Output 
• Recognized 
under 
the 
Component 
Program 
of 
UL. (File No. E55361) for 
Dielectric 
Withstand 
Proof 
Test Voltages 
of 2500 Vac, 
1 Minute 
and 5000 Vac, 1 
Minute 
(Option 
020). 
• CSA Approved 
under 
Component 
Acceptance 
Notice No.5 
(File No. 
LR88324) 


Description 
These diode-transistor 
opto- 
couplers use I'm insulating layer 
between the light emitting 
diode and an integrated 
photon 
detector to provide electrical 
insulation between input and 
output. Separate connections for 
the photodiode bias and output 


transistor 
collector increase the 
speed up to a hundred times 
over that of a conventional 
photo-transistor 
coupler by 
reducing the base-collector 
capacitance. 


The 6N135 is for use in TTL/ 
CMOS, TTLILS'ITL or wide 
bandwidth analog applications. 
Current transfer ratio (CTR) for 


6N135 
6N136 
HCPL·2502 
HCPL-4502 
HCPL-4503 


the 6N135 is 7% minimum at 
IF = 16 mA. 


The 6N136 is designed for high 
speed TTI./I'TL applications. A 
standard 
16 mA TTL sink 
current through the input LED 
will provide enough output 
current for 1 'ITL load and a 5.6 
kn pull-up resistor. CTR of the 
6N136 is 19% minimum at 
IF = 16 mA 


T 
6.10 (.240) 
7.36 (.290f if60 (,2601 
7.88(310) L 


0.18 (,oon 
O.33{JfITl~ 
1 


CAUTION: 
The small junction 
sizes inherent 
to the design of this bipolar component 
increases the component's 
susceptibility 
to damage from electrostatic 
discharge 
(ESD). It is advised 
that normal static precautions 
be taken in handling 
and assembly 
of this component 
to prevent 
damage and lor degradation 
which may be induced 
by ESD. 


• 


The HCPL-2502 is suitable for 
use in applications where 
matched or known CTR is 
desired such as in the feedback 
path of switch-mode power 
supplies. CTR is 15 to 22% at 
IF = 16mA 


The HCPL-4502 provides the 
electrical and switching per- 
formance ofthe 6N136 with 
increased ESD protection. 


The HCPL-4503 is an HCPL- 
4502 with increased common 
mode transient 
immunity of 
15000 V/~s minimum at VCM = 
1500 guaranteed. 


The HCPL-4504 is recommended 
for IPM (Intelligent Power 
Module) interfacing. The HCPL- 
4504 is similar to the HCPL- 
4503, but with increased speed 
and CTR ( See HP sales 
representatives 
for details ). 


Applications 
• Video Signal 
Isolation 
• Line Receivers 
- High 
common mode transient 
immunity (>1000 V/~) and 
low input-output 
capacitance 
(0.6 pF). 


• High Speed Logic Ground 
Isolation 
- TTLlTTL, TTU 
LTTL, TTUCMOS, TTU 
LSTTL. 


• Replace 
Slow Photo trans is- 
tor Isolators 
- Pins 2-7 of the 
6N135/6 series conform to pins 
1-6 of6 pin phototransistor 
couplers. Pin 8 can be tied to 
any available bias voltage of 
1.5 V to 30 Vfor high speed 
operation. 


• Replace 
Pulse 
Transform- 
ers - Save board space and 
weight 
• Analog 
Signal 
Ground 
Isolation 
- Integrated 
photon 
detector provides improved 
linearity over phototransistor 
type. 


Absolute Maximum Ratings 
Storage Temperature* 
-55°C to +125°C 
Operating Temperature* 
-55°C to 100°C 
Lead Solder Temperature* 
260°C for 10s 
(1.6 mm below seating plane) 
Average Input Current - IF* 
25 mAD) 
Peak Input Current - IF* 
50 mA(2) 
(50% duty cycle, 1 ms pulse width) 
Peak Transient 
Input Current - IF* 
1.0 A 
(~1 ~s pulse width, 300 pps) 
Reverse Input Voltage - VR* (Pin 3-2) 
5 V 
Input Power Dissipation* 
45 mW3J 
Average Output Current - 10* (Pin 6) 
8 mA 
Peak Output Current* 
16 mA 
Emitter-Base 
Reverse Voltage* 
5 V 
(Pin 5-7, except HCPL-4502l3) 
Output Voltage* - Vo (Pin 6-5) 
-0.5 V to 15 V 
Supply Voltage* - Vcc (Pin 8-5) 
-0.5 V to 15 V 
Output Voltage - Vo (Pin 6-5) 
-0.5 V to 20 V 
Supply Voltage - Vcc (Pin 8-5) 
-0.5 V to 30 V 
Base Current - IB* (Pin 7, except HCPL-4502l3) 
5 mA 
Output Power Dissipation* 
100 mW4) 


I 


2 
I, 
I 
ANOOED{ 
v, 
l' 


CATHODE 
- 
I 


3 /i 
HCPL-4503 


SHIELD 


Electrical Specifications 
Over recommended temperature 
eTA = O°C to 70°C) unless otherwise specified. See note 13. 


Parameter 
Symbol 
Device 
Min. 
Typ." 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Current 
CTR' 
6N135 
7 
18 
50 
% 
TA = 25°C 
Vo =0.4 
V 
IF= 
16 mA, 
1,2 
5,11 
Transfer 
5 
19 
Vo=0.5V 
Vee=4.5V 
4 
Ratio 


6N136 
19 
24 
50 
% 
TA = 25°C 
Vo=0.4 
V 
HCPL-4502 
HCPL-4503 
15 
25 
Vo =0.5V 


HCPL-2502 
15 
18 
22 
% 
TA= 
25°C 
Vo =0.4 
V 


Logic Low 
VOL 
6N135 
0.1 
0.4 
V 
TA = 25°C 
10= 
1.1 mA 
IF= 
16mA 


Output 
- 
10=0.8 
mA 
Vee=4.5V 
0.5 


Voltage 


6N136 
0.1 
0.4 
V 
TA = 25°C 
10=3.0 
mA 
HCPL-2502 
- 
HCPL-4502 
0.5 
10 = 2.4 mA 
HCPL-4503 


Logic High 
loR' 
0.003 
0.5 
I1A 
TA = 25°C 
Vo=Vee=5.5V 


Output 
0.01 
1 
TA = 25°C 
Vo= Vee = 15.0 V IF=O 
mA 
6 


Current 
50 


Logic Low 
leCL 
50 
200 
I1A 
IF = 16 mA, Vo = Open, 
13 
Supply 
Current 
Vee= 
15V 


Logic High 
1 
TA = 25°C 
IF = 0 mA, Vo = Open, 
13 
Supply 
Current 
leeR' 
0.02 - 
I1A 
Vee= 
15V 
2 


Input 
Forward 
1.7 
TA = 25°C 
3 
Voltage 
VF' 
1.5 - 
V 
IF= 
16 mA 
1.8 


Input 
Reverse 
BVR' 
5 
V 
IR= 
10 mA 


Breakdown 
Voltage 


Temperature 
tNF 


Coefficient 
of 
-- 
-1.6 
mVl 
IF= 
16mA 


Forward 
il.TA 
°C 


Voltage 


Input 
Cm 
60 
pF 
f= 1 MHz, VF = OV 


Capacitance 


Input-Output 
11-0 
1 
I1A 
45% RH, t = 5 s, VI-O = 3 kVdc, 
6, 


Insulation 
TA = 25°C 
16 
Voltage 
2500 
VRMS 
RH < 50%, t = 1 min., 
6, 


VlSO 
v;;;- 
TA = 25°C 
14, 


OPT. 020 
5000 
15 


Resistance 
RI.o 
1012 
Q 
VI-O= 500 Vdc 
6 
(Input-Output) 


Capacitance 
CI.O 
0.6 
pF 
f= 1 MHz 
6 
(Input-Output) 


Transistor 
DC 
hFE 
150 
Vo=5V,1o 
= 3mA 


Current 
Gain 
130 
V0 = 0.4 V, Ib = 20 I1A 


• 


Switching Specifications 
Over recommended 
temperature 
eTA = O°C to 70°C), Vcc = 5 V, IF = 16 mA unless otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ.·· 
MW<. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
tpHL• 
6N135 
0.2 
1.5 
v-s 
TA = 25°C 
5,9, 
8,9 
Delay Time 
- 
RL = 4.1 kn 
11 
to Logic 
2.0 
Low at Output 
6N136 
0.2 
0.8 
TA = 25°C 
HCPL-2502 
- 
RL = 1.9 kn 
HCPL-4502 
1.0 
HCPL-4503 


Propagation 
tPLH· 
6N135 
1.3 
1.5 
v-s 
TA = 25°C 
5,9, 
8,9 
Delay Time 
- 
RL = 4.1 kn 
11 
to Logic 
2.0 
High at Output 
6N136 
0.6 
0.8 
TA = 25°C 
HCPL-2502 
- 
RL = 1.9 kn 
HCPL-4502 
1.0 
HCPL-4503 


Common Mode 
ICMHI 
6N135 
1 
kV/v-s 
RL =4.1 kn 
IF = 0 mA, TA = 25°C, 
10 
7,8, 


Transient 
VCM= 
10Vp-p 
9 
Immunity 
6N136 
1 
RL = 1.9 kn 
CL= 15 pF 
at Logic High 
HCPL-2502 
Level Output 
HCPL-4502 


HCPL-4503 
15 
30 
RL=1.9kn 
IF = 0 mA, TA = 25°C, 
VCM = 1500 Vp-po 
CL= 15 pF 


Common Mode 
ICMLI 
6N135 
1 
kVlv-s 
RL =4.1kn 
IF = 16 mA, TA = 25°C, 
10 
7,8, 


Transient 
VCM = 10 Vp-p 
9 
Immunity 
6N136 
1 
RL = 1.9kn 
CL= 15pF 
at Logic Low 
HCPL-2502 
Level Output 
HCPL-4502 


HCPL-4503 
15 
30 
RL=1.9kn 
IF = 16 mA, TA = 25°C, 
VCM = 1500 Vp-p, 
CL= 15 pF 


Bandwidth 
BW 
6N13516 
9 
MHz 
See Test Circuit 
7,8 
10 
HCPL-2502 


Notes: 
1. Derate 
linearly 
above 70°C free-air 
temperature 
at a rate of 0.8 mAl"C. 
2. Derate 
linearly 
above 70°C free-air 
temperature 
at a rate of 1.6 mAl"C. 


3. Derate 
linearly 
above 70°C free-air 
temperature 
at a rate of 0.9 mWI"C. 
4. Derate 
linearly 
above 70°C free-air 
temperature 
at a rate of 2.0 mWI"C. 
5. CURRENT 
TRANSFER 
RATIO in percent 
is defined as the ratio of output 
collector current, 
I", to the forward 
LED input 
current, 
IF' times 
100. 
6. Device considered 
a two-terminal 
device: Pins 1, 2, 3, and 4 shorted 
together 
aod Pins 5, 6, 7, aod 8 shorted 
together. 
7. Common mode transient 
immunity 
in a Logic High level is the maximum 
tolerable 
(positive) 
dVe.ldt 
on the leading 
edge of 
the common mode pulse, Vew' to assure 
that the output 
will remain 
in a Logic High state (Le_, V0> 2.0 V). Common mode 
traosient 
immunity 
in a Logic Low level is the maximum 
tolerable 
(negative) 
dVe.ldt 
on the trailing 
edge of the common 
mode pulse signal, Vcw' to assure 
that the output 
will remain 
in a Logic Low state 
(i.e., Vo < 0.8 V). 


8. The 1.9 knload 
represents 
1 TTL unit load of 1.6 mA and the 5.6 kn pull-up 
resistor. 


9. The 4.1 knload 
represents 
1 LSTTL unit load of 0.36 mA and 6.1 kn pull-up 
resistor. 
10. The frequency 
at which the ac output 
voltage is 3 dB below its mid-frequency 
value. 


11. The JEDEC 
registration 
for the 6Nl36 
specifies a minimum 
CTR of 15%. lIP guarantees 
a minimum 
CTR of 19%. 
12. See Option 020 data sheet for more infonnation. 
13. Use of a 0.1 jUbypass 
capacitor 
connected 
between 
pins 5 and 8 is recommended. 
14. In accordance 
with UL 1577, each optocoupler 
is proof tested 
by applying 
an insulation 
test voltage" 
3000 V_for 
1 second 
(leakage 
detection 
current 
limit, 1 
:s 5 !'A. 


15. In accordaoce 
with UL 1577, each'"';,ptocoupler is proof tested 
by applying 
an insulation 
test voltage" 
6000 V_for 
1 second 
(leakage 
detection 
current 
limit, I,~ :s 5 !'A. 
16. This rating 
is equally 
validated 
by an equivalent 
ac proof test. 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. Extemal Air Gap 
WO!) 
>7 
mm 
Measured from input terminals 
to output 


(Clearance) 
terminals 


Min. Extemal Tracking 
L(l02) 
>7 
mm 
Measured from input terminals 
to output 
Path (Creepage) 
terminals 


Min. Intemal 
Plastic 
0.08 
mm 
Insulation 
thickness between emitter and 
Gap (Clearance) 
detector 


Tracking Resistance 
CTI 
175 
Volts 
DIN IEC 112/VDE 0303 Part 1 


Isolation Group 
IlIa 
Material Group DIN VDE 0109 


(Per DIN VDE 0109) 
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Figure 
11. Propagation 
Delay Time 
VB. Load Resistance. 


·JEDEC Registered Data 


~~ 
PACKARD 


T 


TYPE 
NUMBER 
DATE CODE 
6.101.240) 


7.36 (.290) 6.60 (.260) 
7.88 (3101 


t 


I 4.70 (.185) MAX. 


__ 
' 
, 
CATHODE! 
2 
i lO.5'!.o,O) 


, 
MIN. 
CATHODE 
3 
r ._1 
II 
2.92 (.1151 MIN. 
2 


0.76 (.030) 
I 
-- 
·-0.65 
1.025)MAX. 


1.40 
(.055) 
I_~ ~:~~ 
::~~~: 
ANODE2 


DIMENSIONS 
IN 
MILLlMETRES 
AND 
(INCHES) 


Features 


• HIGH SPEED: 
1 Mb/s 
• TTL COMPATIBLE 
• VERY HIGH COMMON 
MODE TRANSIENT 
IMMUNITY: 
15000 V//lS @VCM= 
1500 V 
GUARANTEED 
(HCPL-4534) 
• 
HIGH DENSITY 
PACKAGING 
• 
3 MHz BANDWIDTH 
• 
OPEN COLLECTOR 
OUTPUTS 
• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) 
FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES 
OF 2500 Vae, 1 MINUTE 
AND 5000 
VAC,l 
MINUTE 
(OPTION 
020) PENDING 
APPROVAL 
• CSA APPROVED 
UNDER 
COMPONENT 
ACCEPTANCE 
NOTICE 
NO.5 
(FILE NO. 


LR88324) 
• MIL·STD·1772 
VERSION 
AVAILABLE 
(HCPL- 


5530/31) 


Description 


These 
dual 
optocouplers 
contain 
a pair 
of light 
emitting 
diodes 
and integrated 
photo detectors 
with electrical 
insu- 


lation 
between 
input and output. 
Separate 
connection 
for 
the 
photodiode 
bias 
and 
output 
transistor 
collectors 


increase 
the speed 
up to a hundred 
times 
that of a con- 
ventional 
phototransistor 
coupler 
by reducing 
the 
base- 
collector 
capacitance. 


The HCPL-2530 
is for use in TTlICMOS, 
TTlILSTTL 
or 
wide bandwidth 
analog applications. 
Current 
transfer 
ratio 
(CTR) for the -2530 is 7% minimum 
at IF = 16 mA. 


The HCPL-2531 
is designed 
for high speed TTLfTTL 
appli- 


cations. 
A standard 
16 mA TTL 
sink current 
through 
the 


input 
LED will 
provide 
enough 
output 
current 
for 1 TTL 
6-120 


OPTOCOUPLER 


HCPL-2531 
HCPL-4534 


'" 
, 
, 


~!~ 


~' 


'"-.v" 


load and a 5.6 kO pull-up 
resistor. CTR of the -2531 is 19% 


minimum 
at IF = 16 mA. 


The HCPL-4534 
is an HCPL-2531 
with 
increased 
common 


mode transient 
immunity 
of 15000 VlJ.ls minimum 
at VCM = 


1500 V 9uaranteed. 


Applications 


• 
Line 
Receivers - 
High common 
mode transient 
immunity 


(>1 OOOVIlls) 
and low input-output 
capacitance 
(0.6pF). 


• 
High 
Speed 
Logic 
Ground 
Isolation 
- 
TTL/TTL, 
TTL/ 


LTTL, TTL/CMOS, 
TTL/LSTTL. 


• 
Replace Pulse Transformers 
- 
Save board space and weight. 


• 
Analog 
Signal 
Ground 
Isolation 
- 
Integrated 
photon 
de- 


tector provides improved 
linearity 
over phototransistor 
type. 


• 
Polarity 
Sensing. 


• 
Isolated 
Analog 
Amplifier 
- 
Dual channel 
packaging 
en- 


hances thermal 
tracking. 


Storage Temperature 
_55°C to +125°C 


Operating 
Temperature. 
-55°C 
to +1 OO°C 


Lead Solder Temperature 
260°C for 
10s 


(1.6mm 
below seating plane) 


Average Input 
Current 
- 
IF (each channel) 
. . . . .. 
25mA[1] 


Peak Input 
Current 
- 
II' (each channel) 
. . . .. 
. .. 
50mA(2] 


(50% duty cycle, 
1 ms pulse width) 


Peak Transient 
Input Current 
- 
II' (each channel) 
1.0 A 
(~1Ils 
pulse width, 
300pps) 


Reverse Input 
Voltage 
- 
VR (each channel) 
.. 
5V 


Input 
Power Dissipation 
(each channel) 
. . . . 
45mW 131 


Average Output 
Current 
- 
10 (each channel) 
8mA 


Peak Output 
Current 
- 
10 (each channel) 
16mA 


Supply 
Voltage - Vcc 
(Pin 8-5) 
- 0.5V to 30V 


Output 
Voltage - Vo 
(Pin 7,6-5) 
- 0.5V to 20V 


Output 
Power Dissipation 
(each channel) 
. . . 
35mW14] 


Electrical specifications 
Over 
recommended 
temperature 
(TA = O°C to 70°C) 
unless 
otherwise 
specified. 
See note 
13. 


Parama'er 
Sym. 
Device 
Min. 
Typ." 
Max. 
Unit. 
Teat Condlllon. 
Fig. 
Note 


7 
TA = 25°C 
Vo = 0.5 V 
HCPL-2530 - 
18 
50 
% 
Current 
Transfer 
5 
Vo = 0.5 V 
IF=16mA, 
1,2 
5.6 


Ratio 
CTR 
19 
TA = 25°C 
Vo=0.5V 
Vcc = 4.5 V 


HCPL-2531 
4 


HCPL-4534 - 
24 
50 
% 
15 
Vo = 0.5 V 


0.4 
TA = 25°C 
10 = 1.1 mA 
HCPL·2530 
0.1 
- 
V 
Logic 
Low Output 
0.5 
10 = 0.8 mA 
1 
5 
VOL 
IF = 16 mA, 


Voltage 
HCPL-2531 
0.4 
TA = 25°C 
10 = 3.0 mA 
Vcc = 4.5 V 


HCPL-4534 
0.1 
- 
V 
0.5 
10 = 2.4 mA 


0.5 
TA = 25°C 
Vo = Vcc = 5.5 V 
Logic 
High Output 
- 
10H 
0.003 
j.lA 
TA = 25°C 
IF = a mA 
6 
5 
Current 
- 
Vo=Vcc=15.0V 
50 


Logic 
Low Supply 
ICCL 
100 
400 
j.lA 
IF = 16 mA, Vo = Open, Vcc = 15 V 
Current 


Logic 
High Supply 
IF = a mA, 


ICCH 
0.05 
4 
j.lA 
Vo = Open, 
Current 
Vcc = 15V 


Input 
Forward 
1.7 
TA = 25°C 
IF = 16 mA 
VF 
1.5 
- 
V 
3 
5 


Voltage 
1.8 


Input Reverse 
BVR 
5 
V 
IR = lOj.lA 
5 
Breakdown 
Voltage 


Temperature 
':'VF 
mVl 


Coefficient 
of 
-1.6 
°C 
IF=16mA 
Forward 
Voltage 
':'TA 


Input 
Capacitance 
C'N 
60 
pF 
f = 1 MHz, VF = a V 
5 


Input-Output 
V,so 
2500 
YAMS 
RH < 50%, t = 1 min., TA = 25°C 
Insulation 
Voltage 
7, 14 


VISO 
- 
OPT 020 (PENDING) 
5000 
7,15 


Resistance 
R,-o 
10'2 
(Input-Output) 
II 
V,_O = 500 Vdc 
7 


Capacitance 
C,-o 
06 
pF 
f = 1 MHz 
7 
(Input-Output) 


Input-Input 
45% Relative Humidity, 
t = 5 S 
Insulation 
1,-, 
0.005 
j.lA 
8 


Leakage 
Current 
V,_I = 500 Vdc 


Resistance 
R,_, 
10" 
!l 
V,_I = 500 Vdc 
(Input-Input) 
8 


Capacitance 
C,_I 
0.25 
pF 
f = 1 MHz 
8 
(Input-Input) 
• 


Switching 
Specifications 


Over 
recommended 
temperature 
(TA = O°C to 70°C), 
VCC = 5 V, IF = 16 mA, unless 
otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ.- 
Max. 
Units 
Test Conditions 
Fig. 
Note 


1.5 
TA = 25°C 
HCPL-2530 
0.2 
I---- 
RL = 4.1 kO 
Propagation 
Delay 
2.0 
5,9, 
10,11 
Time 
to Logic 
Low 
tpHL 
J.lS 
TA = 25°C 
11 
at Output 
HCPL-2531 
0.8 
0.2 
I---- 
RL = 1.9 kO 
HCPL-4534 
1.0 


1.5 
TA = 25°C 
HCPL-2530 
1.3 
I---- 
RL = 4.1 kO 
Propagation 
Delay 
2.0 
5,9, 
10,11 
Time 
to Logic 
tpLH 
J.lS 
TA = 25°C 
11 
High 
at Output 
HCPL-2531 
0.8 
0.6 
I---- 
RL=1.9kO 
HCPL-4534 
1.0 


HCPL-2530 
1 
10 
RL=4.1 
kO 
IF = 0 mA, 


Common 
Mode 
TA = 25°C, 


Transient 
HCPL-2531 
1 
10 
RL = 1.9 kO 
VCM = 10 Vp_p 
9,10, 
Immunity 
ICMHI 
KV/l's 
10 
11 
at Logic 
High 
IF = 0 mA, 


Level Output 
HCPL-4534 
15 
30 
RL = 1.9 kO 
TA = 25°C, 
VCM= 1500 Vp_p 


HCPL-2530 
1 
10 
RL = 4.1 kO 
IF = 16 mA, 


Common 
Mode 
TA = 25°C, 


Transient 
HCPL-2531 
1 
10 
RL=1.9kO 
VCM = 10 Vp_p 
9,10, 
Immunity 
ICMLI 
KV/l's 
10 
11 
at Logic 
Low 
IF = 16 mA, 


Level 
Output 
HCPL-4534 
15 
30 
RL = 1.9 kO 
TA = 25°C, 
VCM= 1500 Vp_p 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External Air Gap (Clearance) 
L(I01) 
27 
mm 
Measured 
from 
input 
terminals 
to output 
terminals 


Min.External 
Tracking Path (Creepage) 
L(I02) 
27 
mm 
Measured from input terminals to output terminals 


Min. Internal Plastic Gap (Clearance) 
0.08 
mm 
Through 
insulation distance conductor 
to conductor 


Tracking Resistance 
CTI 
175 
Volts 
DIN IEC 112NDE 
0303 Part 1 


Isolation Group (per DIN VDE 0109) 
ilia 
Material Group DIN VDE 0109 


Notes: 
1. 
Derate linearly above 700e free-air temperature 
at a rate of 0.8 mArC. 


2. 
Derate linearly above lODe free-air temperature 
at a rate of 1.6 mA/oC 
3. 
Derate linearly above lODefree-air temperature 
at a rate of 0.9 mwrc. 


4. 
Derate linearly above lODe free-air temperature 
at a rate of 1.0 mWfOC. 
5. 
Each channel. 


6. 
CURRENT TRANSFER RATIO is defined as the ratio of output 
collector 
current, 
1o.to the forward LED input current, 
IF,times 100%. 


7. 
Device considered a two-terminal 
device: Pins 1, 2, 3, and 4 shorted 


together and Pins 5, 6, 7, and 8 shorted together. 
8. 
Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 


9. 
Common 
mode transient immunity 
in Logic High level is the 
maximum tolerable 
(positive) dVcM/dt on the leading edge of the 


common mode pulse, VCM'to assure that the output will remain in a 
Logic High state (i.e., Vo > 2.0 V). Common 
mode transient 
immunity 


in Logic Low level is the maximum tolerable 
(negative) dVCM/dt on the 


trailing edge of the common mode pulse signal, VCM'to assure that 
the output will remain in a Logic Low state (i.e., Vo < 0.8 V). 
10. The 1.9 kH load represents 1 TTL unit load of 1.6 mA and the 5.6 kn 


pull-up resistor. 


11. The 4.1 kn load represents 1 LSTTL unit load of 0.36 mA and 6.1 kn 


pull-up resistor. 
12. The frequency 
at which the ac output voltage is 3 dB below the low 


frequency asymptote. 


13. Use of a 0.1 J..IF bypass capacitor connected between pins 5 and 8 is 


recommended. 


14. In accordance 
with UL 1577, eaoh optocoupler 
is proof tested by 


applying an insulation test voltage 2':3000 Vrms for 1 second (leakage 
detection current limit, Ij.o:S; 5 IJ.A). 


15. In accordance 
with UL 1577, each optocoupler 
Is proof tested by applying 
an 


Insulationtest voltage ~ 6000 Vrms for 1 second (leakage detection ament limit, 
I,. S 5lLA). 
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Small Outline High Speed 
Optocouplers 


Technical Data 


Features 
• Surface 
Mountable 
• Industry 
Standard 
SOIC-8 
Footprint 
• Compatible 
with Infrared 
Vapor Phase 
Reflow and 
Wave Soldering 
Processes 
• Very High Common 
Mode 
Transient 
Immunity: 


15000 VI ~s at VeM = 1500 V 
Guaranteed 
(HCPL-0453) 
• High Speed: 
1 Mbls 
• TTL Compatible 
• Guaranteed 
ac and dc 
Performance 
Over 
Temperature: 
O°Cto 70°C 
• Open Collector 
Output 
• Recognized 
Under 
the 
Component 
Program 
of 
U.L. (File No. E55361) for 
Dielectric 
Withstand 
Proof 
Test Voltage 
of 2500 VAC, 1 
Minute 


Description 
These small outline high CMR, 
high speed, logic gate opto- 
couplers are single channel 
devices in an industry standard 
SOIC-8 footprint. They are elec- 
trically equivalent to the 
following HP optocouplers: 


Small Outline 
HCPL-0500 
HCPL-0501 
HCPL-0452 
HCPL-0453 


Standard 
DIP 


6N135 
6N136 
HCPL-4502 
HCPL-4503 


HCPL-0500 
HCPL-0501 
HCPL-0452 
HCPL-0453 


These diode-transistor 
optocouplers use an insulating 
layer between the light emitting 
diode and an integrated photon 
detector to provide electrical 
insulation between input and 
output. Separate connections for 
the photodiode bias and output 
transistor 
collector increase the 


speed up to a hundred times 
over that of a conventional 
photo-transistor 
coupler by 


reducing the base-collector 
capacitance. 


TYPE 
NUMBER 


(LAST 3 DIGITS) 
DATE CODE 


10.228 ± 0.025 
n ~IO.OO9±O.OO') 


0.152:t 
0.051 
I 


(O.006±o.OO2) 
~ 
MIN 


(0.016) 


DIMENSIONS 
IN MILLIMETRES 
AND fiNCHES). 


The SOIC-8 package does not 
require "through holes" in a 
PCB. This package occupies 
approximately one-third the 
footprint area ofthe standard 
dual-in-Jine package. The lead 
profile is designed to be 
compatible with standard 
surface mount processes. 


1- 


3.175±O.127 
10.125 ± 0.005) 
lT1.524 
UtO.060j 


/ 


lEAD 
COPlANARITY 
± ~ 
(0.002) 


"HP" 
IS MARKED 
ON THE UNDERSIDE 
OF THE 
PACKAGE 


CAUTION: 
The small junction 
sizes inherent 
to the design of this bipolar component 
increases 
the component's 


susceptibility 
to damage 
from electrostatic 
discharge 
(ESD). It is advised 
that normal 
static precautions 
be taken 


in handling 
and assembly 
of this component 
to prevent 
damage 
and/or 
degradation 
which may be induced 
by 


ESD. 


The HCPL-0500 is for use in 
TTUCMOS, 
TTULSTTL or 


wide bandwidth analog 
applications. Current transfer 
ratio (CTR) for the HCPL-0500 
is 7% minimum at I~,= 16 mA. 


The HCPL-0501 is designed for 
high speed TTLlI'TL 
applications. A standard 
16 mA 
TTL sink current through the 
input LED will provide enough 
output current for 1 TTL load 
and a 5.6 kQ pull-up resistor. 
CTR of the HCPL-0501 is 19% 
minimum at IF= 16 mA. 


The HCPL-0452 provides the 
electrical and switching per- 
formance of the HCPL-0501 
with increased ESD protection. 


The HCPL-0453 is an 
HCPL-0452 with increased 
common mode transient 
immunity of 15000 V/IlS 
minimum at VCM = 1500 V 
guaranteed. 


Applications 
. 


• Video Signal 
Isolation 
• Line Receivers 
- High 


common mode transient 
immunity (>1000 V/lls) and 
low input-output 
capacitance 
(0.6 pF). 


• High Speed Logic Ground 
Isolation 
- TTUTTL, TTU 


LTTL, TTUCMOS, 
TTU 
LSTTL. 


• Replace 
Slow Photo· 


transistor 
Isolators 
- Pins 
2-7 of the HCPL-050010501 
series conform to pins 1-6 of 6 
pin phototransistor 
couplers. 


Pin 8 can be tied to any 
available bias voltage of 1.5 V 
to 30 V for high speed 
operation. 


• Replace 
Pulse 
Transformers 
- Save board 


space and weight 
• Analog 
Signal 
Ground 


Isolation 
- Integrated 
photon 
detector provides improved 
linearity over phototransistor 
type. 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating Temperature 
-55°C to 100°C 
Infrared and Vapor Phase Reflow Temperature 
215°C for 90 s 
Average Input Current - IF 
25 mAUl 


Peak Input Current - IF 
50 mA!2l 
(50% duty cycle, 1 ms pulse width) 
Peak Transient 
Input Current - IF 
1.0 A 
($1Ils pulse width, 300 pps) 
Reverse Input Voltage - VR (Pin 3-2) 
5 V 
Input Power Dissipation 
45 mW3l 
Average Output Current - 10 (Pin 6) 
8 mA 
Peak Output Current.. 
16 mA 
Emitter-Base 
Reverse Voltage 
5 V 


(Pin 5-7, except HCPL-0452/3) 
Output Voltage - Vo (Pin 6-5) 
-0.5 V to 20 V 
Supply Voltage - Vcc (Pin 8-5) 
-0.5 V to 30 V 
Base Current - IB (Pin 7, except HCPL-0452/3) 
5 mA 
Output Power Dissipation 
100 mW[4l 


I 
2~1 
ANODE31y 
v, 
I 


CATHODE 
- 
I 
3/1 


HCPl- 0453 
SHIELD 
7 t.l~ 


I 


Electrical Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C), 
unless otherwise 
specified. (See note 11.) 


Parameter 
Symbol 
Device 
Min. 
Typ.- 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


7 
18 
50 
TA = 25°C 
Vo =0.4 
V 
HCPL-0500 
% 


Current 
5 
19 
Vo =0.5 
V 
IF = 16 mA, 
1,2, 
5 


Transfer 
CTR 
Vcc=4.5V 
4 


Ratio 
HCPL-0501 
19 
24 
50 
TA = 25°C 
Vo =0.4 
V 
HCPL-0452 
% 


HCPL-0453 
15 
25 
Vo =0.5V 


0.4 
TA = 25°C 
1 
0 =1.1 mA 
HCPL-0500 
0.1 
- 
V 
Logic Low 
0.5 
10 =0.8mA 
IF = 16 mA, 


Output 
VOL 
Vcc=4.5V 


Voltage 
HCPL-0501 
0.4 
TA = 25°C 
10 = 3.0 mA 
HCPL-0452 
0.1 - 
V 
HCPL-0453 
0.5 
10 = 2.4 mA 


0.003 
0.5 
TA = 25°C 
Vo = Vcc = 5.5 V 
Logic High 
1011 
Output 
0.01 
1 
f1A 
TA = 25°C 
Vo=Vcc= 
15.0V 
IF = OmA 
7 
Current 
50 


Logic Low 
IeeL 
50 
200 
I'A 
IF = 16 mA, Vo = Open, 


Supply 
Vcc = 15V 
11 


Current 


Logie High 
1 
TA = 25°C 
IF = 0 mA, Vo = Open, 


Supply 
ICell 
0.02 - 
f1A 
Vcc=15V 
11 


Current 
2 


Input 
Forward 
1.7 
TA = 25°C 
Voltage 
VF 
1.5 - 
V 
IF = 16 mA 
3 


1.8 


Input 
Reverse 


Breakdown 
BV. 
5 
V 
I. = 10 f1A 
Voltage 


Temperature 
lN, 


Coefficient 
of 
-- 
-1.6 
mV/oC 
IF = 16mA 
Forward 
~TA 
Voltage 


Input 
C'N 
60 
pF 
f=lMHz,VF=O 
Capacitance 


Input-Output 
VISO 
2500 
V1ncs 
RH S 50%, t = 1 MIN., 
6, 12 


Insulation 
TA = 25°C 


Resistance 
R,.o 
10" 
Q 
V,_o = 500 Vdc 
6 
(Input-Output) 


Capacitance 
C,.O 
0.6 
pF 
f= 
1 MHz 
6 
(Input-Output) 


Transistor 
150 
Vo = 5 V, 10 = 3 mA 
DC Current 
hr. 
- 


Gain 
130 
Vo = 0.4 V, 10 = 20 mA 


Switching Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C), Vee = 5 V, IF = 16 mA unless otherwise 
specified. 


Parameter 
Symo 
Device 
MiD. 
Typo· 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


1.5 
T. = 25°C I 
HCPL-0500 
0.2 - 
RL = 4.1 k!l 
Propagation 
Delay 
2.0 


Time to Logic Low 
tpHL 
jls 
T.=25°C 
I 


5,6, 
8,9 
at Output 
HCPL-0501 
0.8 
10 


HCPL-0452 
0.2 
- 
RL = 1.9 k!l 
HCPL-0453 
1.0 


1.5 
T. = 25°C I 
HCPL-0500 
1.3 - 
RL = 4.1 k!l 
Propagation 
Delay 
2.0 
Time to Logic High 
tPLH 
I1S 
T. = 25°C I 


5,6, 
8,9 
at Output 
HCPL-0501 
0.8 
10 


HCPL-0452 
0.6 
- 
RL = 1.9 kn 
HCPL-0453 
1.0 


HCPL-0500 
1 
RL =4.1 
kn 
1.=OmA, 
T. = 25°C 


Common Mode 
HCPL-0501 
1 
RL = 1.9 k!l 
VCM= 10 V•.• 
Transient 
Immunity 
HCPL-0452 
kV/1lS 
11 
7,8,9 
at Logic High 
ICMHI 
Level Output 
IF = 0 mA, 


HCPL-0453 
15 
30 
RL = 1.9 k!l 
T. = 25°C, 
VCM= 1500 V•.•' 


HCPL-0500 
1 
RL = 4.1 k!l 
I. = 16 mA, 
T. = 25°C 
Common Mode 
HCPL-0501 
1 
RL = 1.9 k!l 
VCM= 10 V•.• 
Transient 
Immunity 
HCPL-0452 
kVlIlS 
11 
7,8,9 
at Logic Low 
ICMLI 
Level Output 
I. = 16 mA, 


HCPL-0453 
15 
30 
RL = 1.9 k!l 
T. = 25°C, 
VCM= 1500 V•.•' 


Bandwidth 
BW 
9 
MHz 
See Test Circuit 
8,9 
10 


Notes: 
1. Derate 
linearly 
above 85°C free-air 
temperature 
at a rate of 0.5 mAl°C. 
2. Derate 
linearly 
above 85°C free-air 
temperature 
at a rate of 1.0 mAl°C. 


3. Derate 
linearly 
above 85°C free·air 
temperature 
at a rate of 1.1 mW/oC. 
4. Derate 
linearly 
above 85°C free-air 
temperature 
at a rate of2.3 
mW/oC. 
5. CURRENT 
TRANSFER 
RATIO in percent 
is defined as the ratio of output 
collector current, 
10, to the forward 
LED input 
current, 
IF' times 
100. 
6. Device considered 
a two-terminal 
device: Pins 1, 2, 3, and 4 shorted 
together 
and Pins 5, 6, 7, and 8 shorted 
together. 


The 2500 Vaell 
MINUTE 
CAPABILITY 
IS VALIDATED 
by a factory 3200 Vaell 
second dielectric 
voltage withstand 
test. 
7. Common mode transient 
immunity 
in a Logic High level is the maximum 
tolerable 
(positive) 
dVcjdt 
on the leading 
edge of 


the common mode pulse, Vcw to assure 
that the output 
will remain 
in a Logic High state 
(i.e., V 
> 2.0 V). Common mode 
transient 
immunity 
in a LogiC Low level is the maximum 
tolerable 
(negative) 
dVcjdt 
on the trafiing 
edge of the common 


mode pulse signal, 
VcM,to assure 
that the output 
will remain 
in a Logic Low state (i.e., Vo < 0.8 V). 
8. The 1.9 kn load represents 
1 TIL unit load of 1.6 mA and the 5.6 kn pull.up 
resistor. 


9. The 4.1 kn load represents 
1 LSTIL 
unit load of 0.36 mA and 6.1 kn pull-up resistor. 
10. The frequency 
at which the ac output 
voltage 
is 3 dB below its mid.frequency 
value. 


11. Use of a O.ljlfbypass 
capacitor 
connected 
between 
pins 5 and 8 is recommended. 
12. In accordance 
with UL 1577, each optocoupler 
is proof tested 
by applying 
an insulation 
test voltage 
~ 3000 V 
for 1 second 
(leakage 
detection 
current 
limit, I,.• S 5 1lA. 
••• 
I 
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TYPICAL 
LINEARITY = 1:3% AT VIN = 1 Vp-p 


TYPICAL 
$NR = SOdB 
TYPICAL 
RT = 37SH 


TYPICAL 
Vo de = 3.8V 
TYPICAL 
IF = 9mA 


• 


v~ 
1V--- 
eM 
10% 
90% 90% 
10% 


OV 


tr 
tl 


VO~5V 


SWITCH AT A: 
IF = OmA 


vo -----~~ 
VOL 
SWITCH AT B: 
IF = 16mA 
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High Speed Optocouplers 


Technical Data 


Features 
• 5000 Vrms/l 
Minute 
Insula- 


tion Withstand 
Capability 


• Worldwide 
Safety 


Approval 


ULI577 (File No. E55361) 
VDE 0884 Certification 


(VIORM = 1 kVRMS) 


VDE 860/8051806/8041750-11 
IEC950 
BSI according to 
BS 4151700216301 


SETI-SEMKO-NEMKO 
DEMKO according to IEC 
6513801950/335 


• High Speed: 
1 MbitJs 


• TTL Compatible 
• Performance 
Guaranteed 
over Temperature 
O°Cto 


70°C 


• Pin Compatible 
with 


6N135/6 and HCPL-450213 


• Very High Common 
Mode 


Rejection 
for CNW4503 


• Line Receivers 
(15 K V/IJ.S 


Common 
Mode Transient 


Immunity 
and Low Input- 
Output 
Capacitance 
of 


0.6 pF) 
• Analog 
Signal 
Ground 


Isolation 
(Integrated 
Photon 
Detector 
Provides 


Improved 
Linearity 
over 


Phototransistor 
Type) 


Applications 
• High Voltage 
Insulation 


• Video Signal 
Isolation 


• Feedback 
Element 
in 
Switched 
Mode Power 
Supplies 
• High Speed Logic Ground 
Isolation 
- TTLITTL, TTLI 
CMOS, TTLlLSTTL 
• Power 
Transistors 
Isola- 
tion in Motor Drives 
• Replaces 
Pulse 
Transformers 
• Replaces 
Slow Photo- 
Transistor 
Isolators 
(Pins 
2-7 of the CNW135/6 
Conforms 
to Pins 1-6 of 6 
Pin Phototransistor 
Couplers. 
Pin 8 can be 
Tied to any Available 
BiasVoltage 
of 1.5 V to 30 V 
for High Speed Operation) 


CNW135 
CNW136 
CNW4502 
~CNW4503 


Description 
These devices are high voltage 
and fast switching optocouplers 
consisting of an AlGaAs LED 
and a silicon photodetector. A 
wide body encapsulation 
is used 
to provide creepage and clear- 
ance dimensions suitable for 
safety approval by regulatory 
agencies worldwide. 


The CNW135 is for use in TTU 
CMOS, TTL/LSTTL or wide 
bandwidth analog applications. 


Current transfer ratio (CTR) for 
the CNW135 is 7% minimum at 
IF = 16 mA 
• 


Regulatory Information 
These products 
feature 
a wide body 8 PIN DIP. This package 
was 


specifically designed to meet regulatory 
requirements 
worldwide. 


The CNW13516 and CNW450213* have been approved 
by the 
following organizations: 


- Covered under UL component 
recognition 
FILE E55361 


- Approved according to VDE 0884 (marks 
License No. 


70975) 
Complies for reinforced 
insulation 
at 250 V AC with: 


DIN IEC 380NDE 
0806 
DIN IEC 435/VDE 0805 "ENTWURF" 
DIN 57804IVDE 0804 (isolation group C) 
DIN VDE 0860 (HD 195 S6) 
DIN IEC 601 TeillNDE 
0750-1 
DINVDE 
0160 
EN 60950JIEC950 
NORDIC - Tested for applications 
(reinforced 
insulation) 
- Class II 
applications 
for plugable 
apparatus 
in normal 
tight 
execution. 
-SETI-SEMKO-NEMKO-DEMKO-According 
to 
IEC 65-IEC380-IEC950-IEC335 
- Certification 
according to BS415:1990, 
BS7002:1989 
and 
BS6301: 1982 for class II applications. 


The CNW136 is designed for 
high speed TTLITTL applica- 
tions. A standard 
16 rnA TTL 
sink current 
through 
the input 
LED will provide enough output 
current 
for 1 TTL load and a 
5.6K pullup resistor. 
CTR ofthe 
CNW136 is 19% minimum 
at 
IF = 16 rnA Selection for 
higher 
CTR is available. 


UL 
VDE 


The CNW4502/3 
provides the 
electrical 
and switching 
performance 
of the CNW136, 
increased 
ESD protection 
and 
increased 
transient 
immunity. 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-55°C to 85°C 
Lead Solder Temperature 
260°C for 10s 
(up to seating plane) 
Average Input Current 
- ~ 
_ _._ 
_ 
_ 
_ 
100 rnA 
Peak Transient 
Input Current 
- IF 
_ 
1.0 A 
(~;l IlS pulse width, 300 Hz) 
Reverse Input Voltage - VB(Pin 3-2) 
5 V 
Input Power Dissipation 
(up to 70°C) 
250 mW* 
Average Output 
Current 
- 10(Pin 6) 
10 rnA 
Emitter-Base 
Reverse Voltage (Pin 5-7) 
5 V 
Output 
Voltage - Vo (Pin 6-5) 
-0.5 V to 20 V 
Supply Voltage - Vcc(Pin 8-5) 
-0.5 V to 30 V 
Base Current 
- Is (Pin 7, except HCPL-4502l3) 
5 rnA 
Output 
Power Dissipation 
100 mW 


'Derate 
at 5.0 mWrC 
for operating 
temperatures 
above 70°C. 


CAUTION: The small junction sizes inherent to the Iksign of this bipolar component 
inereases the component's susceptibility todamage from electrostatic discharge (ESD). It 
is advised that normal stotic precautions be token in handling and assemby of this 
component to prevent damage and Ior degradation which may be induced by ESD. 


Description 
Symbol 
Characteristic 
Unit 


Installation 
classification 
per DIN VDE 0109/12.83, Table 1 
for rated mains voltage:S 600 VRMS 
I-IV 
for rated mains voltage :S1000 VRMS 
I-III 


Climatic 
Classification 
55/100/21 


Pollution 
Degree (DIN VDE 0109/12.83) 
2 


Maximum 
Working 
Insulation 
Voltage 
VIORM 
1414 
VPEAK 


1000 
VRMS 


Input to Output 
Test Voltage, Method b* 
VPR= 1.6 X VIORM,100% Production 
Test with tp = 1 see, 
2263 
VPEAK 
Partial 
Discharge 
< 5 pC 
VPR 
1600 
VRMS 


Input to Output 
Test Voltage, Method a* 
VPR= 1.2 X VIORM,Type and sample test, 
1697 
VPEAK 
tp = 60 see, Partial 
Discharge 
< 5 pC 
VPR 
1200 
VRMS 


Highest 
Allowable Overvoltage* 
VTR 
8000 
VPEAK 
(Transient 
Overvoltage, 
~R = 10 see) 


Safety-Limiting 
Values 
(Maximum 
values 
allowed in the event of a failure, 
also see Figure 9) 
Case Temperature 
TSI 
150 
°C 
Current 
(Input Current 
IF' PSI = 0) 
ISI 
400 
mA 
Output 
Power (obtained 
by setting 
pin 8 = 5.5 V, 
pins 7, 6, 5 = ground) 
PSI,OUTPUT 
700 
mW 


Insulation 
Resistance 
at TSh VIO= 500 V 
Rls 
~ 109 
n 
VIO= 500V 


'Refer 
to the front of the optocoupler 
section of the lIP Optoelectronics 
Designer's 
Catalog, 
under 
Product 
Safety Regulations 
Section, 
(VDE 0884) for a detailed 
description. 
I 
Note: 
Isolation 
characteristics 
are guaranteed 
only within 
the safety maximum 
ratings 
which must be ensured 
by protective 
circuits 
in the application, 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External 
Clearance 
LOO1) 
9.6 
mm 
Measured 
from input terminals 
to output 
(External 
Air Gap) 
terminals 


Min. External 
Creepage 
LOO2) 
10,0 
mm 
Measured 
from input terminals 
to output 
(External 
Tracking 
Path) 
terminals 


Min. Internal 
Clearance 
1.0 
mm 
Through 
insulation 
distance 
(Internal 
Plastic 
Gap) 
conductor 
to conductor 


Min. Internal 
Creepage 
4.0 
mm 
Measured 
from input terminals 
to output 
(Internal 
Tracking 
Path) 
terminals 


Comparative 
Tracking 
CTI 
200 
volts 
DIN IEC 112/VDE 0303 PART 1 
Index 


Isolation 
Group 
Material 
group (DIN VDE 0109) 
(per DIN VDE 0109) 
IlIa 


Electrical Specifications 
Over Recommended 
Temperature 
(TA = O°C to 70°C) unless otherwise 
specified. (See note 8.) 


Parameter 
Symbol 
Device 
MiD. 
Typ.- 
Mas. 
Uni" 
T_ 
Conditio 
••• 
Fie· 
Note 


7 
T•••= 2li"C 
Va = 0.4 V 
CNWI36 
I--- 
18 
150 
% 
Current 
Transfer 
5 
Vo=O.5V 
IF = 16 mA, 


Ratio 
CTR 
Vcc =4.5V 
1,2, 
1 
CNWI36 
19 
T•••= 25°C 
Va =0.4 
V 
4 
CNW4502 
I--- 
50 
150 
% 
CNW4503 
15 
Vo=0.5V 


0.4 
T•••= 25"C 
10= 
1.1 mA 
CNWI36 
0.1 r--- 
V 
Logic Low Output 
0.5 
10= 0.8 mA 
IF = 16 mA, 


Voltage 
VOL 
Vcc =4.5V 
CNWI36 
0.4 
T•••= 25°C 
1o=3.0mA 
CNW4502 
0.1 r--- 
V 
CNW4503 
0.5 
10=2.4 
mA 


0.5 
T•••= 25"C 
Va = Vcc = 5.5 V 
Logic High 
Output 
r--- 


Current 
loR 
0.002 
1 
J!A 
T•••= 2li"C 
IF=OmA 
6 
r--- 
Vo=Vcc=15V 
50 


Logic Low 
lccL 
70 
200 
J!A 
IF = 16 mA, Va = Open, Vcc = 15 V 
Supply 
Current 


Logic High 
1 
T•••= 25"C 
IF = 0 mA, Va = Open, 


Supply 
Current 
leeR 
r--- 
J!A 
Vcc=15V 
2 


Input 
Forward 
1.45 
1.85 
T•••= 2li"C 
Voltage 
VF 
I--- 
1.68 r--- 
V 
IF= 
16mA 
3 
1.36 
1.95 


Input 
Reverse 
Breakdown 
BVR 
5 
V 
IR = 10 J!A 
Voltage 
T•••= 25"C 


Temperature 
lJ.VF 
mVI 
Coefficient 
of 
-- 
1.9 
"C 
IF= 
16 mA 
Forward 
Voltage 
lJ.T••• 


Input 
Capacitance 
CJN 
90 
pF 
f= 1 MHz, VF=OV 


Input-Output 
RH ~ 50%, t = 1 min., 
Insulation 
VISQ 
5000 
VIUIS 
T•••= 25"C 
2,7 
Voltage 


1012 
1013 
T•••= 25°C 


Resistance 
R1.o 
n 
VJ.O = 500 VDC 
2 
(Input-Output) 
1011 
T•••= loo"C 


Capacitance 
C100 
0.5 
0.6 
pF 
f= 1 MHz 
2 
(Input-Output) 


Transistor 
DC 
180 
Va = 5V, 10 = 3 mA 
Current 
Gain 
hFI!: 
- 
160 
Va = 0.4 V. Is = 40 J!A 


Switching Specifications 
Over Recommended 
Temperature 
(TA = O°C to 70°C), Vcc = 5 V, IF = 16 mA, unless otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ.- 
Max. 
Units 
Test 
Conditiol18 
Fig. 
Note 


1.5 
TA = 25°C 


CNW135 
0.2 
f---- 
RL=4.1kn 
Propagation 
Delay 
2.0 
Time to Logic Low 
tpHl• 
ILS 
5,8, 
4,5 


at Output 
CNWI36 
0.8 
TA = 25°C 
11 


CNW4502 
0.2 
f---- 
RL= 1.9kn 
1.0 


1.5 
TA = 25°C 


CNW135 
0.6 
f---- 
RL=4.1kn 
Propagation 
Delay 
2.0 
Time to Logic High 
tpUi 
ILS 
5, B, 
4,5 
at Output 
CNW136 
0.8 
TA = 25°C 
11 


CNW4502 
0.35 
f--- 
RL = 1.9 kn 


1.0 


Common Mode Tran- 
CNW135 
1,000 
RL=4.1kn 
IF=O 
mA, 
sient Immunity 
at 
ICMHI 
VlILS 
TA = 25°C, 
12 
3,4,5 
Logic High Level 
CNWI36 
1,000 
RL = 1.9 kn 
VCM= 10V 
Output 
CNW4502 
1,000 
~10,000 
VCM= 10V 
IF= 0 mA, 
12 
3,4 


TA = 25°C, 


CNW4503 
15,000 
30,000 
VCM= 1500 V 
RL = 1.9kn 


Common Mode Tran- 
CNW135 
1,000 
RL=4.1kn 
IF= 16mA, 


sient Immunity 
at 
ICMLI 
V/ILS 
TA = 25°C, 
12 
3,4,5 


Logic Low Level 
CNWI36 
1,000 
RL= 1.9 kn 
VCM= 10V 
Output 
CNW4502 
1,000 
10,000 
VCM= 10V 
IF = 16 mA, 
12 
3,4 
TA = 25°C, 


CNW4503 
15,000 
30,000 
VCM= 1500 V 
RL = 1.9kn 


Bandwidth 
BW 
CNW135 
11 
MHz 
See Test Circuit 
7, 10 
6 
CNW136 


Notes: 
1. CURRENT 
TRANSFER 
RATIO in percent 
is defined as the ratio of output 
collector current, 
10, to the forward 
LED input 


current, IF, times 100. 


2. Device considered 
a two-terminal 
device: Pins I, 2, 3, and 4 shorted 
together 
and Pins 5, 6, 7, and 8 shorted 
together. 
3. Common mode transient 
immunity 
in Logic High level is the maximum 
tolerable 
(positive) dVCM/dt on the leading edge of the 


common mode pulse VCM,to assure 
that the output 
will remain 
in a Logic High state (i.e. Vo> 2.0 V) Common mode transient 
immunity 
in Logic Low level is the maximum 
tolerable 
(negative) 
dVcM dt on the trailing 
edge of the common mode pulse 
signal,V CM,to assure 
that the output 
will remain 
in a Logic Low state (Le. Vo > 0.8 V). 


4. The 1.9 kn load represents 
1 TTL unit load of 1.6 mA and the 5.6 kn pull-up resistor. 


5. The 4.1 kn load represents 
1 LSTTL unit load of 0.36 mA and 6.1 kn pull-up resistor. 
6. The frequency 
at which the ac output 
voltage is 3 dB below the low frequency 
asymptote. 


7. In accordance 
with UL 1577, each optocoupler 
is proof tested by applying 
an insulation 
test voltage of~ 6000 Vrms for one 
second (leakage 
detection 
current 
limit, 11-05 5 f1A).This test is performed 
before the 100% Production 
test shown in the 
VDE 0884 Insulation 
Characteristics 
Table. 
8. Use of a 0.1 ~bypass 
capacitor 
connected between 
pins 5 and 8 is recommended 
for operation. 
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Figure 
4. Current 
Transfer 
Ratio 
vs. Temperature. 
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Figure 
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Figure 
3. Input 
Current 
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Forward 
Voltage. 


Figure 
6. Logic High Output 
Current 
VS. Temperature. 
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Figure 
9. Dependence 
of Safety 
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PACKARD 


LOW INPUT CURRENT, 
HIGH GAIN 
OPTOCOUPLERS 


6N138 


6N139 


0.18 
(.OC)7) 


0.33 i])'131 l-• 
I 


~ 


~5IMAX 


I 
I 
I 
I 
Il05' 
(10201 ANOOE 2 


I 
--L 
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CATHODE 3 


O.~\ 
O~ 
I -u-O 
65 (02S) ~~~ 
115) MIN 
NC 4 


1AO L055) 
I----~ ffi ::~~: 
DIMENSIONS 
IN MILLIMETRES 
AND 
INCHES. 


Features 


• 
HIGH 
CURRENT 
TRANSFER 
RATIO - 
2000% 
TYPICAL 


• 
LOW INPUT 
CURRENT 
REQUIREMENT 
- 
0.5 mA 


• 
TTL COMPATIBLE 
OUTPUT 
- 
0.1 V VOLTYPICAL 


• 
PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 
O°C TO 70°C 
BASE ACCESS 
ALLOWS 
GAIN 
BANDWIDTH 
ADJUSTMENT 


• 
HIGH 
OUTPUT 
CURRENT 
- 
60 mA 
• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES 
OF 2500 Vae, 1 MINUTE 
AND 5000 Vae, 
1 MINUTE 
(OPTION 
020) 


• 
CSA APPROVED 
• 
MIL-STD-1772 
VERSION 
AVAILABLE 
(HCPL-5700/1) 
Description 


These high gain series couplers 
use a Light Emitting 
Diode and 
an integrated 
high 
gain photo 
detector 
to provide 
extremely 
high current 
transfer 
ratio between input and output. 
Separate 
pins for the photodiode 
and output 
stage result in TTL com- 
patible 
saturation 
voltages 
and high speed operation. 
Where 
desired 
the Vcc and 
Va terminals 
may 
be tied 
together 
to 


achieve 
conventional 
photodarlington 
operation. 
A base ac- 
cess terminal 
allows a gain bandwidth 
adjustment 
to be made. 


The 6N139 
is for use in CMOS, 
LSTTL 
or other 
low power 
applications. 
A 400% minimum 
current 
transfer 
ratio is guar- 
anteed over a 0-70°C 
operating 
range for only 0.5 mA of LED 
current. 


ANODE 3: 
I, 


V, 
-::;. 


CATHOOE 


3 


lice 


8 


~ Ice 


• 
Ground 
Isolate 
Most 
Logic 
Families 
- 
TTLITTL. 
CMOS/ 


TTL, 
CMOS/CMOS, 
LSTTLITTL, 
CMOS/LSTTL 


• 
Low 
Input 
Current 
Line 
Receiver - 
Long Line or Party line 


• 
EIA 
R5-232C 
Line Receiver 


• 
Telephone 
Ring Detector 


• 
117 V ac Line Voltage 
Status Indicator 
- 
Low Input 
Power 


Dissipation 


• 
Low Power Systems - 
Ground 
Isolation 


Absolute Maximum 
Ratings* 


(No Derating 
Required 
up to 85°C) 


Storage 
Temperature 
-55°C 
to +125°C 


Operating 
Temperature" 
-40°C 
to +85°C 


Lead Solder Temperature 
260°C 
for 10s 


(1.6 mm below 
seating 
plane) 


Average 
Input Current 
- 
IF 
20 mA 


Peak Input Current 
-IF 
40 mA 


(50% duty cycle. 
1 ms pulse width) 


Peak Transient 
Input Current 
- 
IF 
1.0 A 


(~llls 
pulse width. 
300 pps) 


Reverse Input Voltage - 
VR 
•••••••••••••••••••••••• 
5 V 


Input Power 
Dissipation 
.................•..... 
35 mW 


Output 
Current 
- 
10(Pin 6) 
60 mA 


Emitter-Base 
Reverse Voltage (Pin 5-7) 
0.5 V 


Supply 
and Output 
Voltage - 
Vcc (Pin 8-5). Va (Pin 6-5) 


6N138 
-0.5 
to 7 V 


6N139 
-0.5 
to 18 V 


Output 
Power Dissipation 
100 mW 


CAUTION: 
The small junction sizes inherent to the design of this 


bipolar component increases the component's susceptibility 
to 


damage from electrostatic 
discharge (ESD). It is advised that 


normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or degradation which may 
be induced by ESD. 


The 6N138 
is designed 
for use mainly 
in TTL 
applications. 


Current 
Transfer 
Ratio is 300% minimum 
over D-70°C 
for an 
LED 
current 
of 
1.6 mA 
[1 TTL 
Unit 
load 
(U.L.)]. 
A 300% 


minimum 
CTR 
enables 
operation 
with 
1 U.L. 
out 
with 
a 


2.2 kD pull-up 
resistor. 
•JEDECRegisteredData. 


Selection 
for lower 
input current 
down to 250 IlA is available 
"0° 
to 70° on JEDECRegistration. 


upon request. 
6-140 


Electrical specifications 
Over recommended temperature (TA = O"C to 70"C), unless otherwise specified. (See note 7.) 


Parameter 
Sym. 
Device 
Min. 
Typ."" 
Max, 
Units 
Test Conditions 
Fig. 
Note 


6N139 
400" 
2000 
3500 
% 
IF = 0.5 mA, Vo = 0.4 V, Vcc : 4.5 V 


Current Transfer 
CTR 
500" 
1600 
2600 
IF = 16 mA, Vo : 0.4 V, Vcc : 4.5 V 
2,3 
1,2, 
Ratio 
4 
6N138 
300" 
1600 
2600 
% 
IF: 
1.6 mA, Vo: 
0.4 V, VCC: 45 V 


0.1 
0.4 
IF: 
1.6 mA, 10: 8 mA, VCC: 4.5 V 


6N139 
0.1 
0.4 
V 
IF:5mA,10: 
15mA, Vcc:4.5V 
2 
Logic Low 
VOL 
0.2 
0.4 
IF: 
12 mA, 10: 24 mA, VCC: 4.5 V 
1 


Output Voltage 
6N138 
0.1 
0.4 
V 
IF: 1.6 mA, 10: 4.8 mA, VCC: 4.5 V 


Logic High 
6N139 
0.05 
100 
!,A 
IF: 0 mA, Vo= Vcc: 
18V 
10H 
2,4 
Output Current 
6N138 
0.1 
250 
!,A 
IF: 0 mA, Vo : Vcc : 7 V 


Logic Low 
ICCl 
0.4 
1.5 
mA 
iF = 1.6 mA, Vo = Open, Vcc: 
18 V 
2 
Supply Current 


Logic High 
ICCH 
0.01 
10 
!,A 
IF :OmA, 
Vo: 
Open, Vcc: 
18V 
2 
Supply Current 


1.7" 
TA: 
25"C 
I 
Input Forward Voltage 
VF 
1.4 - 
V 
IF:1.6mA 
4 
1.75 


Input Reverse 
BVA" 
5 
V 
IA: 
10!'A 
Breakdown Voltage 
. 


Temperature 
:NF 
Coefficient 
of 
·.'iTA 
-1.8 
mVl"C 
IF:1.6mA 
Forward V",ltage 


Input Capacitance 
CIN 
60 
pF 
f : 1 MHz, VF: 0 
" 


Input-Output 
VISO 
2500 
Insulation 
YAMS 
RH <; 50%,t : 1 min., TA : 25"C 
3,8 
IOption 020 
V1so 
5000 


Resistance 
RI-o 
10'2 
II 
VI-O : 500 VDC 
3 
(Input-Output) 


Capacitance 
C1-0 
0.6 
pF 
f: 
1 MHz 
3 
(Input-Output) 


switching 
specifications 


Over recommended temperature (TA : O"C to 70"C), unless otherwise specified. 


Parameter 
Symbol 
Device 
Min. 
Typ,"" 
Max, 
Units 
Test Conditions 
Figure 
Note 


25" 
TA = 25"C 
I IF= 0.5 mA 
- 
5 
- 


30 
Rl : 4.7 k!1 


Propagation Delay 
6N139 
TA = 25"C I IF= 12 mA 
1" 
Time to Logic Low 
tPHl 
- 
0.2 
- 
!'s 
5,6,7 
2,4 


at Output 
2 
Rl : 270 !1 


10" 
TA: 
25"C 
I IF: 1.6 mA 
6N138 - 
1.6 
- 
15 
Rl : 2.2 k!1 


60" 
TA = 25"C I IF= 0.5 mA 
- 
18 
- 


90 
Rl: 
4.7 k!1 


Propagation Delay 
6N139 
7" 
TA = 25"C 
I IF= 12 mA 
Time to Logic High 
tpLH 
- 
2 
- 
!'S 
5,6,7 
2,4 
at Output 
10 
Rl : 270 !1 


35" 
TA=25"C 
IIF:1.6mA 
6N138 - 
10 
- 


50 
Rl = 2.2 k!1 


Common Mode 
IF - 0 mA, TA = 25"C 
Transient Immunity 
ICMHI 
1000 
10,000 
VI!'s 
Rl : 2.2 kll 
8 
5,6 


at Logic High Output 
IVcMI: 10 Vp_p 


Common Mode 
IF: 1.6 mA, TA = 25"C 
Transient immunity 
ICML! 
1000 
10,000 
VI!'s 
Rl = 2.2 k!1 
8 
5,6 
at Logic Low Output 
!VcMI= 10 Vp_p 


• 


Min.External 
Tracking 
Path 
(Creepage) 
L(I02) 
;>:7 
mm 
Measured 
from 
input 
terminals 
to output 
terminals 


Min. 
Internal 
Plastic 
Gap 
(Clearance) 
0.08 
mm 
Through 
insulation 
distance 
conductor 
to conductor 


Tracking 
Resistance 
CTI 
175 
Volts 
DIN 
IEC 
112NDE 
0303 
Part 
1 


Isolation 
Group 
(per 
DIN 
VDE 
0109) 
Ilia 
Material 
Group 
DIN 
VDE 
0109 


1. OC CURRENT 
TRANSFER 
RATIO is defined as the ratio of output collector ament, 
10,to the forward lED 
input current, 'f. times 100%. 
2. Pin 7 Open. 
3. Device considered 
a two-terminal 
device. Pins 1. 2, 3. and 4 shorted together and Pins 5. 6, 7. and 8 shorted together. 


4. Use of a resistor 
between 
pin 5 and 7 will deaease gain and delay 
time. Significant 
reduction 
in overall 
gain can occur when 
using resistor 
values 
below 
47 kn. For more information. 
please contact your local HP Components 
representative. 
5. Common 
mode transient 
immunity 
in logic 
High level is the maximum 
tolerable 
(positive) dVc..'dt 
on the leading edge of the common 
mode pulse. VCM• 


to assure that the output will remain in a logic 
High stale (i.e., Vo > 2.0 V). Common 
mode transient immunity in Logic Low level is the maximum 
tolerable 
(negative) 
dVc..'dt 
on the trailing edge of the common 
mode pulse signal. VCM• to assure that the output will remain in a logic 
Low state (i.e. Vo 


< 0.8 V). 


6. In applications 
where 
dV/dt 
may exceed 50,000 V/JJS (such as static discharge) 
a series resistor. Ace, should be included to protect the detector Ie from 
desctructlvely 
high surge currents. 
The recommended 
value is Ace = 220 n. 
7. Use of a 0.1 flF bypass capacitor 
connected 
between pins 5 and 8 is recommended. 


8. In accordance 
with UL ISn. each optocoupler 
is proof tested by applying an insulation 
test voltage" 
3000 V~. 
for 1 second (leakage 
detection 
current 


limit. ~~ S 5 ~). 
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Figure 
1. 
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Flin- 
HEWLETT 
~e. PACKARD 


DUAL LOW INPUT 
CURRENT, HIGH GAIN 
OPTOCOUPLERS 


HCPL-2730 
HCPL-2731 


1 


_9401.3701 
__ 
I OUTLINE 
DRAWING 


9.90 (.390) 


8 
6 
5 
• 


0.18 (.007) 
0.33 Carr) 
.1. 
I 


TYPE NUMBER 
DATE CODE 
6.101.2401 
7.36 (.290) 6.60 1.260J 
7.881.310) 


PIN 
1 
2 
3 
4 


ONEil 
-I 
'_1.78 
1.0701MAX. 
f 


- 
-- 
1.191.0471MAX. 
DIMENSIONSIN MllUMETRES AND lINCHESI. 


--I 
ANOOE1~8VCC 


~ 4.70 
L 185) 
MAX. 
: 


-- 
~ 
CATHODE 
1 2 
7 VOl 


I -t 0.51/.020) 
CATHODE2 3 
6 v 


I 
MIN 
" 
02 


II 


2.92 
L~15) 
MIN. 
ANODE 
24 
5 
GND 


0.76 (.030) 
,- 
-0.65 
(.025) MAX. 


ill (.055) I_~ ~ ::~~~: 


• 
HIGH CURRENT TRANSFER 
RATIO -1800% 
TYPICAL 


• 
LOW INPUT CURRENT REQUIREMENT - 0.5 mA 


• 
LOW OUTPUT SATURATION 
VOLTAGE - 0.1 V TYPICAL 


• 
HIGH DENSITY PACKAGING 


• 
PERFORMANCE 
GUARANTEED 
OVER OOCTO 700C 
TEMPERATURE 
RANGE 


• 
LSTTL COMPATIBLE 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM OF 
U.L (FILE No. E55361) FOR DIELECTRIC WITHSTAND 
PROOF TEST VOLTAGES 
OF 2500 Vac, 1 MINUTE AND 
5000 Vac 1 MINUTE (OPTION 020) PENDING APPROVAL 


• 
CSA APPROVED 
UNDER COMPONENT 
ACCEPTANCE 
NOTICE NO.5 (FILE NO. LR 88324) 


• 
MIL·STD VERSION AVAILABLE 
(HCPL·5730/l) 


Description 


The HCPL-2730/31 
dual channel 
couplers 
contain 
a sepa- 


rated pair of GaAsP light emitting 
diodes optically 
coupled 


to a pair 
of integrated 
high 
gain 
photo 
detectors. 
They 


provide 
extremely 
high current 
transfer 
ratio and excellent 


input-output 
common 
mode transient 
immunity. 
A sepa- 


rate pin for the photodiodes 
and first 
gain stages 
(Vccl 


permits 
lower 
output 
saturation 
voltage 
and higher 
speed 


operation 
than possible with conventional 
photodarlington 


type optocouplers. 
In addition 
Vcc may be as low as 1.6 V 


without 
adversely affecting 
the parametric 
performance. 


Guaranted 
operation 
at low 
input 
currents 
and the 
high 


current 
transfer 
ratio 
(CTR) 
reduce 
the 
magnitude 
and 


effects of CTR degradation. 


The outstanding 
high temperature 
performance 
of this split 


Darlington 
type output 
amplifier 
results from the inclusion 


of an integrated 
emitter-base 
bypass resistor which shunts 


photodiode 
and first stage leakage currents to ground. 


The HCPL-2731 
has a 400% minimum 
CTR at an input cur- 


• Digital Logic Ground Isolation 


• Telephone Ring Detector 


• EIA RS-232C Line Receiver 


• Low Input Current Line Receiver - 
Long Line or Party Line 


• 
Microprocessor Bus Isolation 


• Current Loop Receiver 


• Polarity Sensing 


• Level Shifting 


• Line Voltage Status Indicator - 
Low input Power Dissipation • 


rent of only 
0.5 mA making 
it ideal for use in low input 


current 
application 
such as MOS, CMOS 
and low power 


logic 
interfacing 
or RS232C data transmission 
systems. 
In 
addition, 
the high CTR and high output 
current 
capability 


make this device extremely 
useful in applications 
where a 


high 
fanout 
is required. 
Compatibility 
with 
high 
voltage 


CMOS logic systems is guaranteed 
by the 18V Vcc 
and Vo 


specifications 
and by testing 
output 
high leakage (I0H) 
at 


18V. 


The HCPL-2730 
is specified 
at an input 
current 
of 1.6 mA 


and has a 7 V Vcc and Vo rating. The 300% minimum 
CTR 
allows TTL to TTL interfacing 
at this input current. 


Important 
specifications 
such as CTR, leakage current 
and 


output 
saturation 
voltage 
are guaranteed 
over the O°C to 


70°C 
temperature 
range 
to 
allow 
trouble-free 
system 


operation. 
Selection 
for lower 
input 
current 
down 
to 250 


/lA is available upon request. 


-_ .._- 


Parameter 
Sym. 
HCPl- 
Min. 
Typ." 
Max. 
Units 
Test Conditions 
Fig. 
Note 


2731 
400 
1800 
3500 
% 
IF = 0.5 mA, Vo = 0.4 V, VCC= 4.5 V 


Current 
Transler 
CTR 
500 
1600 
2600 
IF = 1.6 mA, Vo = 0.4 V, VCC= 4.5 V 
2, 3 
6,7 


Ratio 
2730 
300 
1600 
2600 
% 
IF = 1.6 mA, Vo = 0.4 V, VCC= 4.5 V 


0.1 
0.4 
IF = 1.6 mA, 10 = 8 mA, Vcc = 4.5 V 


logic 
low 
2731 
0.1 
0.4 
V 
IF= 5 mA,lo= 
15 mA, Vcc =4.5V 
1 
6 


Output 
Voltage 
VOL 
0.2 
0.4 
IF = 12 mA, 10 = 24 mA, Vcc = 4.5 V 


2730 
0.1 
0.4 
V 
IF = 1.6 mA, 10 = 4.8 mA, Vcc = 4.5 V 


logic 
High 
2731 
0.005 
100 
p.A 
IF = 0 mA, Vo = Vcc = 18 V 


10H 
6 
Output 
Current 
2730 
0.01 
250 
p.A 
IF = 0 mA, Vo = Vcc = 7 V 


logic 
low 
2731 
1.2 
Vcc-18V 
IFl = IF2 = 1.6 mA 


Supply 
Current 
ICCL 
3 
mA 
Vcc = 7 V 
VOl = V02 = Open 
5 
2730 
0.9 


logic 
High 
2731 
0.005 
Vcc=18V 
IFl = IF2 = 0 mA 


Supply 
Current 
ICCH 
20 
p.A 
VOl = V02 = Open 
5 


2730 
0.004 
VCC = 7 V 


1.7 
TA = 25°C 


Input Forward 
Voltage 
VF 
1.4 
f-- 
V 
IF = 1.6 mA 
4 
6 
1.75 


Input Reverse 
BVR 
5 
V 
IR = 10 IJ.A 
6 
Breakdown 
Voltage 


Temperature 
:o.VF 
Coefficient 
01 
:o.TA 
-1.8 
mVioC 
IF=1.6mA 
6 


Forward 
Voltage 


Input Capacitance 
CIN 
60 
pF 
1= 1 MHz, VF = 0 
6 


Input-Output 
Vlso 
2500 
VRMS 
RH '550%, t = 1 min., TA = 25°C 
8,13 
Insulation 
- 
I OPT020 (PENDING) 
Vrso 
5000 
8.14 


Resistance 
RI-o 
10'2 
n 
V1-0 = 500 VDC 
8 
(Input-Output) 


Capacitance 
CI-o 
0.6 
pF 
1 = 1 MHz 
8 
(Input-Output) 


Input-Input 
Insula- 
11-1 
0.005 
p.A 
45% Relative Humidity. 
t = 5 s. 
9 
tion leakage 
Current 
VI_I= 500 VDC 


Resistance 
RI_I 
1011 
n 
VI_I = 500 VDC 
9 
(Input-Input) 


Capacitance 
CI_I 
0.25 
pF 
1 = 1 MHz 
9 
(Input-Input) 


switching specifications 
Over 
recommended 
temperature 
(TA = O°C to 70°C) 
unless 
otherwise 
specified. 


Device 
Parameter 
Sym. 
HCPL- 
Min. 
Typ.' 
Max. 
Units 
Test Conditions 
Fig. 
Note 


100 
TA = 25°C 
IF = 0.5 mA, 
2731 
- 
25 
~ 
RL = 4.7 kl1 
120 


Propagation 
Delay 
20 
TA = 25°C 
IF = 1.6 mA, 
6,7, 
6 
Time 
to Logic 
Low 
tpHL 
I--- 
5 
~ 
JlS 
RL = 2.2 kl1 
at Output 
25 
8, 9 


2730/1 
2 
TA = 25°C 
IF = 12 mA, 
~ 
0.5 
f--- 


RL = 270 11 
3 


60 
TA = 25°C 
IF = 0.5 mA, 
2731 
~ 
10 
- 
RL = 4.7 kl1 
90 


Propagation 
Delay 
35 
TA = 25°C 
IF = 1.6 mA. 
7,8, 
6 
Time 
to Logic 
High 
tpLH 
~ 
10 
- 
JlS 


at Output 
50 
RL = 2.2 kl1 
9 


2730/1 
10 
TA = 25°C 
IF = 12 mA. 
I--- 
1 
- 
RL = 270 11 
15 


Common 
Mode 
IF = 0 mA, 
RL = 2.2 kl1 
6,10, 
Transient 
Immunity 
ICMHI 
1000 
10,000 
V/JlS 
IVCMI = 10 Vp_p 
10 
11 
at Logic 
High 
Output 
TA = 25°C 


Common 
Mode 
IF = 1.6 mA, RL = 2.2 kl1 
6,10, 
Transient 
Immunity 
ICML! 
1000 
10,000 
V/JlS 
!VcMI = 10 Vp_p 
10 
11 
at Logic 
Low Output 
TA = 25°C 


NOTES, 
1. 
Derate 
linearly 
above 
50°C free-a 
temperature 
at a rate of 0.5 mArC. 


2. 
Derate 
linearly 
above 5cfc free-a 
temperature 
at a rate of 0.9 mWroC. 


3. 
Derate 
linearly 
above 
35° C free-a 
temperature 
at a rate of 0.6 mArC. 


4. 
Pin 5 should be the most negative voltage at the detector 
side. 


5. 
Derate 
linearly 
above 3SoC free-air 
temperature 
a~ a rate of 
1.7 mWrC. 


Output 
power 
is collector 
output 
power 
plus supply 
power. 


6. 
Each channel. 


7. 
CURRENT 
TRANSFER 
RATIO 
is defined 
as the ratio 
of output 


collector 
current, 
10. to the forward 
LED 
input 
current, 
IF, times 100%. 


8. 
Device 
considered 
a two-terminal 
device: 
Pins 
1,2,3, 
and 
4 !>horted 


together 
and 
Pins 5, 6, 7, and 
8 shorted 
together. 


9. 
Measured 
between 
pins 
1 and 
2 shorted 
together, 
and 
pins 
3 and 
4 


shorted 
together. 


10. 
Common 
mode 
transient 
immunity 
in Logic 
High 
level 
is the maximum 


tolerable 
(positive) 
dVCM/dt 
on the 
leading 
edge of 
the common 
mode 


pulse 
VCM, 
to assure 
that 
the output 
will 
remain 
in Logic 
High 
state 


(i.e., 
Va 
> 2.0 VI. 
Common 
mode 
transient 
immunity 
in Logic 
Low 


level 
is the 
maximum 
tolerable 
(negative) 
dVCM 
dt on the 
trailing 
edge 


of the 
common 
mode 
pulse 
signal, 
VCM, 
to assure 
that 
the 
output 
will 


remain 
in a Logic 
Low 
state 
(i.e., 
Va < 0.8 
VI. 


11. 
In applications 
where 
dV/dt 
may 
exceed 
50,000 
V/J,ls 
(such 
as a static 


discharge) 
a series resistor, 
RCC, 
should 
be included 
to protect 
the 


detector 
Ie from 
destructively 
high 
surge currents. 
The 
recommended 


value 
is 
Ree 
= 110ft 


12 
Use 
of 
a 0.1 
~F 
bypass 
capacitor 
connected 
between 
pins 
5 and 
8 


is 
recommended. 


13. 
In accordance 
with UL 1577, each optocoupler 
is proal tested by 
applying 
an 


insulation 
test 
voltage?: 
3000 
Vrms 
for 
1 second 
(leakage 
detection 
current 
limit, 11_0:5 5 j..lA). 


14.ln 
acoordance 
with UL 1577, each optocoupler 
Is proof tested 
by applying 
an 
Insulation test vohage ~ 6000 VTIM for 1 second (leakage 
detection 
ament 
limit, 


I•.• S 51'A). 
• 


Absolute Maximum Ratings 


Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-40°C to +85°C 
Lead Solder Temperature 
260°C for 10sec 


(1.6mm below seating 
plane) 


Average 
Input Current 
- 
IF 


(each channel) 
20 mA [1) 
Peak Input Current 
- 
IF 
(each channel) 
. . . . . . . . . . . . . . . . . . . . . .. 
40 mA 


(50% duty cycle, 
1 ms pulse width) 
Reverse Input Voltage 
- 
VR 
(each channel) 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
5V 


IF -S.OmA- 


IF·4.5mA~ 


IF -4.0mA 
- 
:;..... 


~ -- 
,----- 
" - 
V 
-- 


TF- 2.SmA 


If 
.2.0mA 


If" '.50'.0. 


IF •• ,.0m~ 


IF .IO.5~A 


Figure 1. DC Transter Characteristics 
(HCPl-2730/HCPl-2731 ) 
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Input Power Dissipation 
(each channel) 
35 mW [2) 
Output 
Current 
- 
10 
(each channel) 
. . . . .. . . . . . . . . . . . . .. 
60 mA [3) 


Supply and Output Voltage - 
Vcc 
(Pin 8-5), Vo (Pin 
7,6-5)[4) 
HCPL-2730 
. 
HCPL-2731 
. 


Output 
Power Dissipation 
(each channel) 
100mW[5) 


IF - 
FORWARD 
CURRENT 
- 
mA 


Figure 2. Current Transfer Ratio vs. 


Forward Current 
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Figure 5. Supply Current Per Channel 
vs. Input Diode Forward 
Current. 
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I 
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DIODE 
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- 
mA 
, 


PULSE 


GENERATOR 


Zo" son 
t,-5rls 


vo------- 


SWITCH 
AT 
B: 
If" 
1.6mA 
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F/iOW 
HEWLETT 
~e..PACKARD 
LOW INPUT CURRENT, 
HIGH GAIN 
OPTOCOUPLER 


4N45 
4N46 


ANOOE:3' 
I, 
~'O 
5 
+ 
_ 
Vo 
V, 
_ 


CATHODE 
2 


GNO• 


V, 
" 


• 
HIGH 
CURRENT 
TRANSFER 
RATIO 
- 
1500% 
TYPICAL 


• 
LOW 
INPUT 
CURRENT 
REQUIREMENT 
- 
0.5 mA 


• 
PERFORMANCE 
GUARANTEED 
OVER 
O·C to 70·C 
TEMPERATURE 
RANGE 


• 
INTERNAL 
BASE-EMITTER 
RESISTOR 
MINIMIZES 
OUTPUT 
LEAKAGE 


• 
GAIN-BANDWIDTH 
ADJUSTMENT 
PIN 


• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 
PROGRAM 
OF U.L. (FILE 
NO. E55361) 
FOR 
DIELECTRIC 
WITHSTAND 
PROOF 
TEST 
VOLTAGES 
OF 2500 Vac, 1 MINUTE 


• 
CSA APPROVED 
Description 


The 4N45/46 
optocouplers 
contain 
a GaAsP light emitting 
diode 
optically 
coupled 
to a high gain photodetector 
IC. 


The excellent 
performance 
over temperature 
results from 


the inclusion 
of an integrated 
emitter-base 
bypass resistor 
which 
shunts 
photodiode 
and first stage leakage currents 


to 
ground. 
External 
access 
to 
the 
second 
stage 
base 
provides 
better 
noise 
rejection 
than 
a 
conventional 
photodarlington 
detector. 
An, external 
resistor 
or capaci- 


tor at the base can be added to make a gain-bandwidth 
or 


input 
current 
threshold 
adjustment. 
The 
base 
lead 
can 
also be used for feedback. 


The high 
current 
transfer 
ratio at very low input 
currents 
permits 
circuit 
designs 
in which 
adequate 
margin 
can be 
allowed 
for the effects 
of CTR degradation 
over time. 


The 4N46 has a 350% minimum 
CTR at an input current 
of 
only 
0.5mA 
making 
it ideal 
for 
use in low input 
current 
applications 
such 
as MOS, 
CMOS 
and 
low power 
logic 
interfacing. 
Compatibility 
with 
high 
voltage 
CMOS 
logic 
systems 
is 
assured 
by 
the 
20V 
minimum 
breakdown 
voltage 
of the 
output 
transistor 
and 
by the guaranteed 
maximum 
output 
leakage 
(I0H) at 18V. 


The 
4N45 
has 
a 250% 
minimum 
CTR 
at 
1.0mA 
input 
current 
and a 7V minimum 
breakdown 
voltage 
rating. 


Selection 
for lower 
input 
current 
down to 250 J.lA is avail- 
able upon request. 


•JEDEC 
Registered 
Data. 
•• JEDEC Registered 
up to 700C 


=t 


0.181.0071 
0.33 (.013) 
TYPE 
NUMBER 
OATECOOi 


UL 
RECOGNITION 


PIN 
1 
3 
g~~ --l 
1_1.78(0.701 
MAX. 
r 


DIMENSIONS IN MtlLlMETRES 
AND (INCHES). 


Rml'.~851 
ANOOEfj" 
V, 


, 
, 
~ 
CATHODE 
2" 
5 
Vo 
(.0201 
(.0401 


'1'1 
2.661.105) 
3 
4 
GND 
J 


_O'45{~ 
MIN. 


2.161.0851 
- 
0.651.025) 


2.54 (.100) 
~(.0901 
2.80(.1101 


• 
Telephone 
Ring 
Detector 
• 
Digital 
Logic 
Ground 
Isolation 
• 
Low 
Input 
Current 
Line 
Receiver 
• 
Line 
Voltage 
Status 
Indicator 
Low 
Input 
Power 


Dissipation 
• 
Logic 
to Reed 
Relay 
Intertace 
• 
Level 
Shifting 
• 
Interface 
Between 
LO'gic Families 
Absolute Maximum Ratings* 


Storage Temperature 
-55·Cto 
+125·C 


Operating 
Temperature-- 
-40·C to +85·C 


Lead Solder Temperature 
260· C for 10s. 


(1.6mm 
below 
seating 
plane) 


AveragelnputCurrent-IF 
20mA[1] 


Peak Input Current 
-IF 
40 mA 


(50% duty 
cycle, 
lms 
pulse width) 


Peak Transient 
Input Current 
-IF 
1.0A 


(.,;;;1 !Js pulse width. 
300pps) 


Reverse Input Voltage - 
VA 
5V 


Input Power Dissipation 
35mW[2] 


Output 
Current -10 (Pin 5) 
60 mA[3j 


Emitter-Base 
Reverse Voltage 
(Pins 4-6) 
. . . .. 
0.5V 


Output 
Voltage 
- 
Va 
(Pin 5-4) 
4N45 
-0.5 to 7V 


4N46 
-0.5 to 20V 


Output 
Power Dissipation 
100mW[4] 
See notes. following 
page 


CAUTION: 
The small junction sizes inherent to the design of this 


bipolar component increases the component's susceptibility 
to 


damage from electrostatic 
discharge (ESD). It is advised that 


normal static precautions be taken in handling and assembly of 
thIs component to prevent damage and/or degradation which may 
be induced by ESD. 


Electrical Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C), 
unless 
otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ."" 
Max. 
Units 
Test Conditions 
Fig. 
Note 


350' 
1500 
3200 
IF = 0.5 mA, Vo = 1.0 V 
4N46 
500' 
1500 
2000 
% 
IF=1.0mA,Vo=1.0V 


Current 
Transfer 
200' 
600 
1000 
IF = 10 mA, Vo = 1.2 V 
3,4 
5, 6. 
Ratio 
CTR 
250' 
1200 
2000 
IF = 1.0 mA, Vo = 1.0 V 
10, 11 
8 
4N45 
200' 
500 
1000 
% 
IF = 10 mA, Vo = 1.2 V 


0.90 
1.0 
IF = 0.5 mA, IOl - 1.75 mA 
4N46 
0.92 
1.0 
V 
IF = 1.0 mA, IOl = 5.0 mA 


Logic 
Low Output 
0.95 
1.2 
IF = 10 mA, IOl = 20 mA 
2 
6 
Voltage 
VOL 
0.90 
1.0 
IF = 1.0 mA, tOl = 2.5 mA 
4N45 
0.95 
1.2 
V 
IF = 10 mA, IOl = 20 mA 


Logic 
High 
4N46 
0.001 
100 
JlA 
IF = 0 mA, Vo = 18 V 


IOH, 
6,8 
Output 
Current 
4N45 
0.001 
250 
JlA 
IF = 0 mA, Vo = 5 V 


1.1' 
TA = 25°C 
I 
Input 
Forward 
Voltage 
VF 
1.4 
V 
IF=1.0mA 
1 
1.75 


Temperature 
tNF 
Coefficient 
of 


6TA 
-1.8 
mVioC 
IF=1.0mA 


Forward 
Voltage 


Input 
Reverse 
BVR' 
5 
V 
IR = 10 JlA 
Breakdown 
Voltage 


Input 
Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF = 0 


Input-Output 
VISO 
2500 
VRMS 
RH S 50%, t = 1 min., 
7, 10 
Insulation 
TA = 25°C 


Resistance 
RI-O 
1012 
0 
VI-O = 500 VDC 
7 
(Input-Output) 


Capacitance 


CI-o 
0.6 
pF 
f = 1 MHz 
7 
(I nput-Output) 


switching specifications 
(Over 
recommended 
temperature 
TA = O°C to 70°C 
unless 
otherwise 
specified.) 
Vcc = 5.0 V. 


Parameter 
Symbol 
Min. 
Typ."" 
Max. 
Units 
Test Conditions 
Fig. 
Note 


tpHl 
80 
TA = 25°C 
IIF=0.5mA 
6 
Propagation 
Delay 
Rl = 10 kO 
5,6 
Time 
to Logic 
Low 
JlS 


IIF = 10 mA 


7, 8 f----- 


at Output 
5 
50' 
TA = 25°C 
10,12 
8 
tPHl 
60 
Rl = 2.2 kO 


1500 
TA = 25°C 
IIF = 10 mA 
6 
Propagation 
Delay 
tplH 
Rl = 10 kO 
5,6 
Time 
to Logic 
High 
JlS 
7, 8 
f--- 


at Output 
150 
500' 
TA = 25°C 
IIF=10mA 
10,12 
tplH 
8 
600 
Rl = 220 kO 


Common 
Mode 
Transient 
IF=O 
mA, Rl = 10 kO 
Immunity 
at Logic 
ICMHI 
500 
VlJls 
IVCMI = 10 Vp_p 
9 
9 


High 
Level Output 


Common 
Mode 
Transient 
IF=1.0mA,Rl=10kO 
Immunity 
at Logic 
ICMd 
500 
VlJls 
9 
9 


Low 
Level Output 
IVCMI = 10 Vp_p 


'JEDEC 
Registered 
Data. 
"All 
typicals 
at TA = 25°C, 
unless 
otherwise 
noted. 


• 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External Air Gap (Clearance) 
L(I01) 
?7 
mm 
Measured from input terminals to output terminals 


Min. External Tracking Path (Creepage) 
L(I02) 
?-7 
mm 
Measured from input terminals to output terminals 


Min. Internal Plastic Gap (Clearance) 
0.08 
mm 
Through 
insulation distance conductor 
to conductor 


Tracking Resistance 
CTI 
175 
Volts 
DIN IEC 112NDE 0303 Part 1 


Isolation Group (per DIN VDE 0109) 
ilia 
Material Group DIN VDE 0109 


NOTES: 
1. Derate linearly above 50° C free-air temperature 
8t a rate of O.4mAf' C. 
2. Derate linearly above 50'C free-air temperature ata rate of 0.7mwfc. 
3. Derate linearly above 25° C free-air 'temperature at a rate of a.8mAf C. 
4. 
Derate linearly 
above 2SoC free-air 
temperature 
at a rate of 1.5mWfC. 


5. DC CURRENT TRANSFER 
RATIO is defined as the ratio of output collector current, 10, to the forward LED input current, IF. times 


100%. 


6. Pin 6 Open. 
7. Device considered a two-terminal 
device: Pins 1, 2. 3 shorted together and Pins 4, 5, and 6 shorted together. 


8. 
Useof a resistor between pin 4 and 6 will decreasegain and delay time. (SeeFigures 10 and 121. 


9. 
Common 
mode transient 
immunity 
in Logic High level is the maximum 
tolerable 
(positive) 
dVem/dt 
on the leading edge of the common 


mode 
pulse, Vem• 
to assure 
that 
the output 
will remain 
in a Logic High 
state 
O.e., Vo > 2.5V). 
Common 
mode 
transient 
immunity 
in 


Logic 
Low 
level 
is the 
maximum 
tolerable 
(negative) 
dVem/dt 
on 
the 
trailing 
edge 
of the 
common 
mode 
pulse 
signal, 
Vem• 
to assure 
that the output will remain in a Logic Low state (i.e., Vo < 2.5VI. 


10. In accordancewith UL 15n, each op1OCOUpier 
Is prooftestadby applyingan insulationtestvoltage;, 3000V•••••for 1 second(leakagedetectioncurrent 
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Small Outline Low Input 
Current, High Gain 
Optocouplers 


Technical Data 


Features 
• Surface Mountable 
• Industry 
Standard 
SOIC-8 
Footprint 
• Compatible 
With Infrared 
Vapor Phase Reflow and 
Wave Soldering Processes 


• High Current 
Transfer 
Ratio - 2000% Typical 
• Low Input Current 
Requirement 
- 0.5 mA 
• TrL Compatible 
Output - 
0.1 V VOLTypical 
• Guaranteed 
ac and dc 
Performance 
Over 
Temperature 
O°Cto 70°C 
• Base Access Allows Gain 
Bandwidth 
Adjustment 
• High Output Current 
- 60 
mA 
• Recognized 
Under The 
Component 
Program 
Of 
UL. (File No. E5536l) For 
Dielectric 
Withstand 
Proof 
Test Voltage Of 2500 VAC, 
1 Minute 


Description 
These small outline, low input 


current, high gain optocouplers 
are single channel devices in an 
industry standard SOlC-8 
footprint. They are electrically 
equivalent to the following HP 
optocouplers: 


Small Outline 
Standard 
DIP 
HCPL-0700 
6N138 
HCPL-0701 
6N139 


The SOIC-8 package does not 
require "through holes" in a 


5.080 
± 0.005 
! 
ft 
10.200 ± 0.005) 


3'175±O"~7,oo 
(0.125±0.005) 
'l-~ 


t 
~(O.060) 


/ 


LEAD COPlANARtTy 
+ Mll. 


(0.002) 


"HP" 
1$ MARKED 
ON THE UNDERSIDE 
OF THE PACKAGE 


HCPL·0700 
HCPL·0701 


PCB. This package occupies 
approximately 
one-third the 


footprint area ofthe standard 
dual-in-line package. The lead 
profile is designed to be 
compatible with standard 
surface mount processes. 


These high gain series couplers 
use a Light Emitting Diode and 
an integrated high gain 
photodetector to provide 
extremely high current transfer 


TYPE 
NUMBER 
(LAST 3 DIGITS) 
DATE CODE 


10.228 
+ 0.025 


--1 
T 
(O.D09 ± 0.001) 


0.152:. 
0.051 
I 


(0.006~0.002) 
0.406 
MIN 
(0.016) 


DIMENSIONS 
IN MllliMETRES 
AND (INCHES). 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's 
susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and Ior degradation which may be induced by 
ESD. 


• 


ratio between input and output. 
Separate pins for the photodiode 
and output stage result in TIL 
compatible saturation 
voltages 
and high speed operation. 
Where desired the Vcc and V0 
terminals 
may be tied together 
to achieve conventional 
photodarlington 
operation. A 
base access terminal allows a 
gain bandwidth 
adjustment 
to 
be made. 


The HCPL-0701 is for use in 
CMOS, LSTIL or other low 
power applications. A 400% 
minimum current transfer ratio 
is guaranteed 
over a 0-70°C 
operating range for only 0.5 mA 
of LED current. 


The HCPL-0700 is designed for 
use mainly in TIL applications. 
Current Transfer Ratio is 300% 
minimum over 0-70°C for an 
LED current of 1.6 mA [1 TIL 
Unit Load (U.L.)]. A 300% 
minimum CTR enables 
operation with 1 U.L. out with a 
2.2 kn pull-up resistor. 


Selection for lower input 
currents down to 250 jlA is 
available upon request. 
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" 
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Applications 
• Ground 
Isolate Most Logic 
Families 
- TJ'LtTTL, 
CMOStrTL, CMOS/CMOS, 
LSTJ'LtTTL, CMOSILSTTL 
• Low Input Current 
Line 
Receiver 
- Long Line or 
Party Line 
• EIA RS-232C Line Receiver 
• Telephone 
Ring Detector 
• 117 V ac Line Voltage 
Status 
Indicator 
- Low 
Input Power Dissipation 
• Low Power Systems - 
Ground 
Isolation 


Absolute Maximum Ratings 
(No Derating Required Up To 85°C) 
Storage Temperature 
-55°C to +125°C 
Operating Temperature 
-40°C to +85°C 
Infrared and Vapor Phase Reflow Temperature 
215°C for 90 s 
Average Input Current - IF 
20 mA 
Peak Input Current;- 
IF 
40 mA 
(50% duty cycle, 1 ms pulse width) 
Peak Transient 
Input Current - IF 
1.0 A 
(:0::1~s pulse width, 300 pps) 
Reverse Input Voltage - VR •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5 V 
Input Power Dissipation 
35 mW 
Output Current - 10(Pin 6) 
60 mA 
Emitter-Base 
Reverse Voltage (Pin 5-7) 
0.5 V 
Supply and Output Voltage - Vcc (Pin 8-5), Vo (Pin 6-5) 
HCPL-0700 
-0.5 V to 7 V 
HCPL-0701 
-0.5 V to 18 V 
Output Power Dissipation 
100 mW 


Electrical Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C), 
unless otherwise 
specified. (See note 7.) 


Parameter 
Sym. 
Device 
Min. 
Typ.- 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Current 
HCPL-0701 
400 
2000 
3500 
% 
I. = 0.5 mA, Vo = 0.4 V, Vee = 4.5 V 
Transfer 
CTR 
500 
1600 
2600 
I. = 1.6 mA, Vo = 0.4 V, Vee = 4.5 V 
2,3 
1,2, 


Ratio 
4 
HCPL-0700 
300 
1600 
2600 
% 
I. = 1.6 mA, V 0 = 0.4 V, Vee = 4.5 V 


0.1 
0.4 
I. = 1.6 mA, 10 = 8 mA, Vee = 4.5 V 
Logic Low 
HCPL-0701 
0.1 
0.4 
V 
I. = 5 mA, 10 = 15 mA, Vee = 4.5 V 
Output 
VOL 
0.2 
0.4 
I. = 12 mA, 10 = 24 mA, Vee = 4.5 V 
1 
2 
Voltage 
HCPL-07oo 
0.1 
0.4 
V 
I. = 1.6 mA, 10 = 4.8 mA, Vee = 4.5 V 


Logic High 
HCPL-0701 
0.05 
100 
IlA 
I.=OmA,Vo= 
Vee=18V 
Output 
Current 
IOH 
2 


HCPL-0700 
0.1 
250 
IlA 
I.=OmA,Vo= 
Vee=7V 


Logic Low 
IeeL 
0.4 
1.5 
mA 
I. = 1.6 mA, Vo = Open, Vee = 18 V 
2 
Supply 
Current 


Logic High 
ICCH 
0.01 
10 
IlA 
IF = 0 mA, Vo = Open, 
Vee = 18 V 
2 
Supply 
Current 


Input 
1.7 
T.=25ocT 
Forward 
V. 
1.4 - 
V 
I. = 1.6 mA 
4 


Voltage 
1.75 


Input 
Reverse 
Breakdown 
BV. 
5 
V 
I. = 10 IlA 
Voltage 


Temperature 
l1V. 
Coefficient 
of 
-- 
-1.8 
mV/oC 
I. = 1.6 mA 
Forward 
l1T. 
Voltage 


Input 
C1N 
60 
pF 
f=lMHz,V.=O 
Capacitance 


Input-Output 
VISD 
2500 
Vallis 
RH :s;50%, t = 1 min. 
3,8 
Insulation 


Resistance 
RI-O 
10" 
Q 
V1_O = 500 V d~ 
3 
(Input-Output) 


Capacitance 
C1_O 
0.6 
pF 
f= 
1 MHz 
3 
<Input-Output) 
• 


Switching Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C), Vcc = 5 V, unless otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ.- 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


5 
25 
T. = 25°C I 
I, = 0.5 mA, 


30 
RL=4.7kn 
HCPIr0701 
T.=25°C 
I 
Propagation 
Delay 
0.2 
1 
Time to Logic Low 
tpHL 
I's 
I, = 12 mA, 
5,6, 
2,4 


at Output 
-,; 
2 
RL = 270 n 
7 


1.6 
10 
T.=25°C 
I 
HCPL-0700 
IF = 1.6 mA, 


15 
RL = 2.2 kn 


18 
60 
T. = 25°C I 


IF = 0.5 mA, 
90 
RL=4.7kn 
- 
HCPIr0701 
T. = 25°C I 
Propagation 
Delay 
2 
7 
Time to Logic 
tPLH 
I's 
IF = 12 mA, 
5,6, 
2,4 


High at Output 
10 
RL = 270 n 
7 


10 
35 
T. = 25°C I 


HCPIr0700 
IF = 1.6 mA, 
50 
RL = 2.2 kn 


Common Mode 
IF = 0 mA, 


Transient 
Immunity 
ICMHI 
1000 
10,000 
VI!," 
RL= 
2.2 kn 
8 
5,6 


at Logic High Output 
IVe••1 = 10 V,., 


Common Mode 
I, = 1.6 mA, 


Transient 
Immunity 
ICML' 
1000 
10,000 
VI!," 
RL = 2.2 kn 
8 
5,6 


at Logic Low Output 
IVe••' = 10 V,., 


Notes: 
1. DC CURRENT TRANSFER 
RATIO in percent is defined as the ratio of output 
collector current, 
10, to the forward LED input 


current, 
IF' times 
100. 


2. Pin 7 open. 
3. Device considered 
a two-terminal 
device: pins 1,2, 3, and 4 shorted 
together 
and pins 5, 6, 7, and 8 shorted 
together. 


4. Use of a resistor 
between 
pin 5 and 7 will decrease 
gain and delay time. See Application 
Note 951-1 for more details. 
5. Common mode transient 
immunity 
in a Logic High level is the maximum 
tolerable 
(positive) dVejdt 
on the leading edge of 


the eommon mode pulse, Ve••, to assure 
that the output 
will remain 
in a Logic High state (i.e., Vo > 2.0 V). Common mode 


transient 
immunity 
in a Logic Low level is the maximum 
tolerable 
(negative) 
dVeidt 
on the trailing 
edge of the common 
mode pulse signal, Ve••, to assure that the output 
will remain 
in a Logic Low state (i.e., Vo < 0.8 V). 


6. In applications 
where dVldt may exceed 50,000 VI!," (such as static discharge) 
a series resistor, 
R~c' should be included 
to 
protect the detector 
IC from destructively 
high surge currents. 
The recommended 
value is Ree = :l:l0 n. 


7. Use of a 0.1 !LFbypass capacitor 
connected between 
pins 5 and 8 is recommended. 
8. In accordance 
with UL 1755, each optocoupler 
is proof tested by applying 
an insulation 
test voltage ~ 3000 V 
for 1 second 
(leakage 
detection 
current 
limit, I;.• S 5 !LA). 
,m. 
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Low Input Current, 
High Gain Optocouplers 


Technical Data 


Features 
• 5000 Vrmsl1 Minute Insula- 
tion Withstand 
Capability 
• Worldwide Safety 
Approval 
UL1577 (File No. E55361) 
VDE 0884 Certification 
(V10RM = 1 kVRMS) 
VD E 860/805/806/804/750-V 
IEC 950 
BSI According to BS 415/ 
700216301 
SETI-SEMKO-NEMKO- 
DEMKO-According to IEC 
65/380/950/335 
• High Current 
Transfer 
Ratio - 3000% Typical 
• Low Input Current 
Requirement 
- 0.5 mA 
• TrL Compatible 
Output - 
0.1 V VOLTypical 
• Performance 
Guaranteed 
Over Temperature 
O°Cto 
70°C 
• Base Access Allows Gain 
Bandwidth 
Adjustment 


• High Output Current- 
60 mA 


• Pin Compatible 
with 
6N138/9 


Applications 
• High Voltage Insulation 
• Low Input Current 
Line 
Receiver 
• Ground Isolation· 
TTU 
TrL, CMOSITI'L, CMOS/ 
CMOS, LSTI'LITI'L, CMOS/ 
LSTrL 
• EIA RS-232C Line Receiver 
• Telephone 
Ring Detector 
• AC Line Voltage Sensing 
• Low Power Systems 


CNW138 
CNW139 


Description 
These high-voltage, high-gain 
optocouplers use an AlGaAs 
LED and an integrated 
high 
gain photo detector to provide 
extremely high current transfer 
ratio between input and output. 
Separate 
pins for the photodiode 
and output stage result in TTL 
compatible saturation 
voltages 
and high speed operation. 
Where desired the Vcc and V0 
terminals 
may be tied together 
to achieve conventional 
photodarlington 
operation. 
A 
base access terminal 
allows a 
gain bandwidth 
adjustment 
to 
be made. 
• 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-55°C to 85°C 
Lead Solder Temperature 
260°C for 10 s 
(up to seating plane) 


~;:a~;al:~~~~I~;~~~:;~~t··=·i~·:::::::::::::::::::~::~:~:::::::::::::::::::::::~:::::~:::::::::~ 
...~~~.~ 
(~1 ~s pulse width, 300 pps) 
Reverse Input Voltage - Va 
5 V 
Input Power Dissipation 
(up to 70°C) 
250 mW· 
Output 
Current 
- 10(Pin 6) 
60 mA 
Emitter-Base 
Reverse Voltage (Pin 5-7) 
0.5 V 
Supply and Output 
Voltage - Voc (Pin 8-5), Vo (Pin 6-5) 
CNW138 
-0.5 to 7 V 
CNW139 
-0.5 to 18 V 
Output 
Power Dissipation 
100 mW 


A widebody encapsulation 
is 
used to provide creepage and 
clearance 
dimensions 
suitable 
for safety approval 
by regula- 
tory agencies 
worldwide. 


The CNW139 is for use in 
CMOS, LSTTL or other low 
power applications. 
A 400% 
minimum 
current 
transfer 
ratio 
is guaranteed 
over a 0-70°C 
operating 
range for only 0.5 mA 
of LED current. 


The CNW138 is designed for use 
mainly in TTL applications. 
Current 
Transfer 
Ratio is 300% 
minimum 
over 0-70°C for an 
LED current 
of 1.6 mA (l TTL 
load). 
A 300% minimum 
CTR 
enables 
operation 
with a fanout 
of 1 TTL Load using a 2.2 kn 
pull-up resistor. 


Regulatory Information 
The CNW13819 features 
a wide body DIL 8 encapsulation. 
This 
package was specifically designed 
to meet regulatory 
insulation 
requirements 
worldwide. The CNW13819 has been approved 
by the 
following organizations: 


UL 
- Covered under UL component 
recognition 
FILE E55361 
VDE 
- Approved according to VDE 0884/08.87 
(marks 
License 
No. 70975) 
Complied for reinforced 
insulation 
at 250 V AC with: 


DIN IEC 380NDE 
0806 
DIN IEC 435/VDE 0805 "ENTWURF" 
DIN 57804IVDE 0804 (insulation 
group C) 
DIN VDE 0860 (HD 195 SC) 
DIN IEC 601 TeillNDE 
0750-1 
DINVDE 
0160 
EN 60950lIEC 
950 
NORDIC - Tested for applications 
(reinforced 
insulation) 
- Class II 
applications 
for plugable 
apparatus 
in normal 
tight 
execution. 
-SETI-SEMKO-NEMKO-DEMKO-According 
to 
IEC 65-IEC380-IEC950-IEC335 
BSI 
- Certification 
according to BS415:1990, 
BS7oo2:1989 
and 
BS6301:1982 
pending 
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CAUTION: 
The small junction 
sizes inherent 
to the design 
of this bipolar 
component 


increases 
the component's 
susceptibility 
to damage 
from electrostatic 
discharge 
(ESD). 


It is advised 
that 
normal 
static 
precautions 
be taken 
in handling 
and assembly 
of this 
component 
to prevent 
damage 
and/or 
degradation 
which 
may be induced 
by ESD. 


Description 
Symbol 
Characteristic 
Unit 


Installation 
classification 
per DIN VDE 0109/12.83, Table 1 
for rated mains voltage ~ 600 VRMS 
I-IV 
for rated mains voltage ~ 1000 VRMS 
I-III 


Climatic 
Classification 
55/100121 


Pollution 
Degree (DIN VDE 0109/12.83) 
2 


Maximum 
Working 
Insulation 
Voltage 
VIORM 
1414 
VPEAK 
1000 
VRMS 


Input to Output 
Test Voltage, Method b* 
VPR 
2263 
VPEAK 
VPR = 1.6 x VIORM'100% Production 
Test with tp = 1 see, 
Partial 
Discharge 
< 5 pC 
1600 
VRMS 


Input to Output 
Test Voltage, Method a* 
VPR 
1697 
VPEAK 
VPR = 1.2 x VIORM'Type and 
sample test, 
tp = 60 see, Partial 
Discharge 
< 5 pC 
VPR 
1200 
VRMS 
Highest 
Allowable Overvoltage* 
VTR 
8000 
VPK 
(Transient 
Overvoltage, 
trR = 10 see) 


Safety-Limiting 
Values 


(Maximum 
values allowed in the event of a failure, 
also 
see Figure 
10) 
Case Temperature 
TSI 
150 
°C 
Current 
(Input Current 
IF, PSI = 0) 
ISI 
400 
mA 
Output 
Power (obtained 
by setting 
pin 8 = 5.5 V, 
pins 7, 6, 5 = ground) 
PSI,OUTPUT 
700 
mW 


Insulation 
Resistance 
at Tsl' V;o= 500 V 
~s 
~ 109 
ohm 


"Refer to the front of the optocoupler 
section of the optoelectronics 
Designer's 
Catalog, 
under Product 
Safety Regulations 
section, 
(VDE 0884) for a detailed 
description. 


Note: 
Isolation 
characteristics 
are guaranteed 
only within the safety maximum 
ratings 
which must be ensured 
by protective 
circuits in application. 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External 
Clearance 
L(I01) 
9.6 
mm 
Measured 
from input terminals 
to 


(External 
Air Gap) 
output 
terminals 


Min. External 
Creepage 
L(I02) 
10.0 
mm 
Measured 
from input terminals 
to 


(External 
Tracking 
Path) 
output 
terminals 


Min. Internal 
Clearance 
1.0 
mm 
Through 
insulation 
distance 


(Internal 
Plastic 
Gap) 
conductor 
to conductor 


Min. Internal 
Creepage 
4.0 
mm 
Measured 
from input terminals 
to 


(Internal 
Tracking 
Path) 
output 
terminals 


Comparative 
Tracking 
Index 
CTI 
200 
volts 
DIN IEC 112/VDE 0303 PART 1 


Isolation 
Group 
IlIa 
Material 
Group (DIN VDE 0109) 


(per DIN VDE 0109) 


• 


Electrical Specifications 
Over Recommended 
Temperature 
(TA = O°C to 70°C) unless otherwise 
specified. (See note 7.) 


Parameter 
Symbol 
Device 
MiD. 
Typ." 
MBL 
Units 
Test 
Conditio 
••• 
Fie· 
Note 


400 
4500 
lv= 
0.5 mA 


500 
3000 
Iv= 
1.6mA 
Current 
Transfer 
CNWI39 
% 
Vcc =4.5V 
1,2, 
1,2 
Ratio 
CTR 
300 
1600 
Iv= 
5.0 mA 
Vo = 0.4 V 
3 


200 
850 
Iv= 
12mA 


CNWI38 
300 
1500 
% 
Iv= 
1.6 mA 


Iv = 0.5 mA, 10 = 2 mA 


Iv = 1.6 mA, 10 = 8 mA 
Logic Low Output 
CNWI39 
0.1 
0.4 
V 
Vcc = 4.5V 
I 
2 
Voltage 
VOL 
Iv = 5.0 mA, 10 = 15 mA 


Iv= 
12 mA, 10 = 24 mA 


CNWI38 
0.1 
0.4 
V 
Iv = 1.6 mA, 10 = 4.8 mA 


Logic High 
Output 
CNWI39 
0.10 
100 
Vo=Vcc=18V 
Current 
IoH 
J.IA 
Iv=OmA 
2 
CNWI38 
0.05 
250 
Vo=Vcc=7V 


Logic Low 
lccL 
0.5 
2 
mA 
Iv = 1.6 mA, Vo = Open, Vcc = 18 V 
9 
2 


Supply 
Current 


Logic High 
IcCH 
0.010 
I 
J.IA 
Iv= 
0 mA, Vo = Open Vcc = 18 V 
2 
Supply 
Current 


Input 
Forward 
1.25 
1.70 
TA = 25"C 
4,8 
Voltage 
Vv 
- 
1.45 - 
V 
Iv= 
1.6mA 
1.10 
1.80 


Input 
Reverse 
BVR 
5 
V 
IR = 10 J.IA 
Breakdown 
TA = 25°C 
Voltage 


Temperature 
I1VF 
mVI 
Coefficient 
of 
-- 
1.9 
"C 
IF= 
1.6 mA 
Forward 
Voltage 
I1TA 


Input 
Capacitance 
CIN 
90 
pF 
f= I MHz, VF= 
0 V 
. 


Input-Output 
Insulation 
V[SO 
5000 
VRMS 
RH < 50%, t = I min., TA = 25°C 
3,8 
Voltage 


10[2 
V[_O= 500 VDC 
Resistance 
R[_O 
~ 
1013 
{} 
3 
(lnput·Output) 
1011 
TA = lOO"C 


Capacitance 
C[_O 
0.5 
0.6 
pF 
f=IMHz 
3 
(lnDut·OutDut) 


Switching Specifications 
Over Recommended 
Temperature 
(TA = O°C to 70°C), Vcc = 5 V, unless otherwise 
specified. 


Parameter 
Symbol 
Device 
MiD. 
Typ.-- 
MaL 
Units 
Test 
Conditio 
••• 
Fie· 
Note 


25 
TA = 25 
DC 
I IF = 0.5 mA, 


7 
- 
RL=4.7kn 
5,11 
CNW139 
30 
Propagation 
Delay 
I 
IF= 12mA 
Time to Logic Low 
tpHL 
1 
I!" 
TA= 
25"C 
2,4 
at Output 
0.3 
- 
RL=270n 
7,11 
1.1 


10 
TA = 25"C 
I IF= 1.6 mA 
CNWl38 
2 
- 
RL=2.2kn 
6,11 
11 


60 
TA = 25 
DC 
I IF= 0.5mA, 


40 
- 
RL=4.7kn 
5,11 
CNW139 
115 
Propagation 
Delay 
Time to Logic High 
tpUl 
7 
I!" 
TA = 25"C 
I IF= 12mA 
2,4 
at Output 
3.5 
- 
RL=270n 
7,11 
11 


35 
TA = 25"C 
I IF= 
1.6 mA 


CNWl38 
20 
- 
RL=2.2kn 
6,11 
70 


Common Mode Tran- 
IF= 0 mA, RL = 2.2 kO, 
sient Immunity 
at 
ICMHI 
500 
VII!" 
Rcc=On, 
VCM= 
10V 
12 
5,6 
Logic High Output 


Common Mode Tran- 
IF = 1.6 mA, RL = 2.2 kO, 
sient Immunity 
at 
ICMLI 
500 
VII!" 
Rcc=On, 
VCM= 
10V 
12 
5,6 
Logic Low Output 


Notes: 
1. DC CURRENT 
TRANSFER 
RATIO in percent 
is derwed 
as the ratio of output 
collector current, 
10, to the forward 
LED input 
current, 
IF' times 
100. 
2. Pin 7 Open. 
3. Device considered 
a two-terminal 
device: Pins 
I, 2, 3, and 4 shorted 
together 
and Pins 5, 6, 7, and 8 shorted 
together. 
4. Use of a resistor 
between 
pin 5 and 7 will decrease 
gain and delay time. See Application 
Note 951-1 for more details. 
5. Common mode transient 
immunity 
in Logic High level is the maximum 
tolerable 
(positive) 
dVCM/dt on the leading 
edge of the 
common mode pulse VCM, to a•• ure that 
the output 
will remain 
in a Logic High state (Le. Vo> 2.0 V) Common mode transient 
immunity 
in Logic Low level is the maximum 
tolerable 
(negative) 
dVCM dt on the trailing 
edge of the common mode pulse 
signal, VCM, to a•• ure that the output 
will remain 
in a Logic Low state (Le. Vo < 0.8 V). 
6. In applications 
where dVldt may exceed 50,000 VII!" (such as a static 
discharge) 
a series resistor, 
Rcc, should be included 
to 
protect 
the detector 
Ie from destructively 
high surge currents. 
The recommended 
value is 


Rcc. 
IV 
kil. 
0.15IF(mA) 
7. Use of a 0.1!!F 
bypa •• capacitor 
connected 
betweens 
pin 5 and 8 is recommended 
for operation. 
8. In accordance 
with UL 1577, each product 
is tested 
by applying 
an insulation 
test voltage of~ 6000 Vrm• for 1 secondOeakage 
detection 
current 
limit, 11-0 ,; 5 !iA). This test is performed 
in addition 
to the tests 
shown in the VDE 0884 Insulation 
Charac- 
teristics 
table. 
• 
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Figure 
4. Input 
Diode Forward 
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Figure 
7. Propagation 
Delay 
VS. 
Temperature. 


Figure 
5. Propagation 
Delay 
VB. 


Temperature. 
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Figure 
8. Forward 
Voltage 
VS. 


Temperature. 


Figure 
3. CNW 13819 Output 
VS. 
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Figure 
6. Propagation 
Delay 
VS. 


Temperature. 
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Figure 
9. Logic Low Supply 
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Figure 
10. Dependence 
of Safety 
Maximum 
Ratings 
with Ambient 
Temperature. 
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High Speed CMOS 
Optocoupler 


Features 
• CMOS IC Technology 
• Compatibility 
with All +5 V 


CMOS and TIL Logic 
Families 
• No External 
Components 
Required 
for Logic 
Interlace 
• High Speed: 
15 MBd 


(HCPL-7100) 
and 50 MBd 
(HCPL·7101) 
Guaranteed 
• Low Power 
Consumption 
• World Wide Safety 
Approval 
UL 1577 (3750 Vac) 
VDE 0884 <VIORM= 600 
VRMS) 
CSA Approval 
Pending 
• 3-State 
Output 
• 3750 Vaell Minute 
Dielec- 
tric Withstand 
• High Common 
Mode 
Transient 
Immunity 


Applications 
• Multiplexed 
Data 
Transmission 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Instrument 
Input/Output 
Isolation 


• Motor Control 
• Power 
Inverter 


Description 
The HCPL-7100/7101 opto- 
coupler combines the latest 
CMOS IC technology, a new 
high-speed high-efficiency 
AlGaAs LED, and an optimized 
light coupling system to achieve 
outstanding 
performance with 
very low power consumption. It 
requires only two bypass 
capacitors for complete CMOS/ 
TTL compatibility. 


Basic building blocks of the 
HCPL-7100/7101 are a CMOS 
LED driver IC, an AlGaAs LED, 
and a CMOS detector IC. A 
CMOS or TTL logic input signal 
controls the LED driver IC 
which supplies current to the 
LED. The detector IC incorpor- 


HCPL·7100 
HCPL·7101 


ates an integrated 
photodiode, a 


high-speed transimpedance 
amplifier and a voltage compar- 
ator with hysteresis. 
The 3-state 


output is CMOS and TTL 
compatible and is controlled by 
the output enable pin, 'bE' 


The HCPL-7100/7101 consumes 
very little power, due to the 
CMOS IC technology and the 
light coupling system. The 
entire optocoupler typically uses 
only 10 mA of supply current, 
including the LED current. 


World wide safety approval and 
3750 Vael1 minute dielectric 
withstand 
is achieved with a 
new packaging process. 


The HCPL-7100/7101 provides 
the user with an easy-to-use 
CMOS or TTL compatible 
optocoupler ideally suited for a 
variety of applications where 
high speed and low power 
consumption are desired. 
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CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and/or degradation which may be induced by 
ESD. 


Regulatory Information 


The HCPL-7100/1 
has been 
approved 
by the following 
organizations: 
UL 
Covered under UL component 
recognition 
FILE E55361 


VDE 
Approved 
according to VDE 
0884/08.87(Marks 
License 
58815) 


Can be used for safe electrical 
separation 
between 
AC mains and 
SELV (safety extra-low 
voltage) in 
equipment 
according to the 
following specifications: 
DIN VDE 0804/05.89 
DIN VDE 0160/05.88 
CSA 
Approval received 


Description 
Symbol 
Characteristic 
Unit 


Installation 
classification 
per DIN VDE 0109/12.83, 
Table 1 
for rated mains voltage :0;300VRMS 
I-IV 
for rated mains voltage :0;600VRMS 
I-III 


Climatic 
Classification 
40/85/21 


Pollution 
Degree (DIN VDE 0109/12.83)** 
2 


Maximum 
Continuous 
Insulation 
Voltage 
\10RM 
848 
VPEAK 


600 
VRMS 


Input to Output 
Test Voltage, Method b* 
VPR 
1,358 
VPEAK 
VPR= 1.6 X VIORM,Production 
test with tp = 1 see, 
Partial 
discharge 
< 5 pC 
960 
VRMS 


Input to Output 
Test Voltage, Method a* 
VPR 
1,018 
VPEAK 
VPR= 1.2 X VIORM,Type and sample test, tp = 60 see, 
Partial 
discharge 
< 5 pC 
720 
VRMS 


Highest 
Allowable Overvoltage* 
VTR 
6000 
VPEAK 


(Transient 
Overvoltage, 
~R = 10 see) 


Safety-limiting 
values (Maximum 
values allowed in the 
event of a failure, 
also see Figure 
15) 
Case Temperature 
TSI 
175 
°C 
Input Power (obtained 
by setting pin 1 = 5.5 V, 
PSI,Input 
50 
mW 
pin 2 = 0.5 V, pin 4 = gnd) 
Output 
Power (obtained 
by setting 
pin 8 = 5.5 V, 
PSI,Output 
220 
mW 
pins 7, 6, 5 = ground) 


Insulation 
Resistance 
at TSh VIO= 500 V 
Rls 
~IOEll 
Ohm 


·Refer to the front of the optocoupler 
section in the current 
Optoelectronics 
Designer's 
Catalog, under regulatory 
infonnation, 
(VDE 0884) for a detailed 
description. 


·"This 
part may also be used in Pollution 
Degree 3 environments 
where the rated 
mains voltage is :!> 300 V•••• (per DIN VDE 


0109/12.83). 


• 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External air gap 
L (101) 
>7 
mm 
Measured from input terminals 
to 


(clearance) 
output terminals 


Min. External tracking path 
L (102) 
8.0 
mm 
Measured from input terminals to 


(creepage) 
output terminals 


Min. Internal plastic gap 
0.5 
mm 
Through insulation distance 


(clearance) 
conductor to conductor 


Tracking resistance 
CTI 
175 
Volts 
DIN IEC 112NDE 
0303 Part 1 


Isolation Group 
IlIa 
Material Group DIN VDE 0109 
(per DIN VDE 0109) 


Parameter 
Symbol 
Min. 
Max. 
Unit 


Storage Temperature 
Ts 
-55 
125 
°C 


Supply Voltages 
VODl,2 
0.0 
5.5 
V 


Input Voltage 
VI 
-0.5 
VOOl + 0.5 
V 


Output Voltage 
Vo 
-0.5 
V002 + 0.5 
V 


Output Enable Voltage 
VOE 
-0.5 
V002 + 0.5 
V 


Average Output Current 
10 
25 
mA 


Package Power Dissipation 
Pro 
220 
mW 
Operating Temperature 
TA 
-40 
85 
°C 


Lead Solder Temperature 
260°C for 10 s, 1.6 mm below seating plane 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Test Conditions 


Operating Temperature 
TA 
-40 
85 
°C 
Ambient Temperature 


Supply Voltages 
VOOl,2 
4.5 
5.5 
V 


Logic High Input Voltage 
V1H 
2.0 
VOOl 
V 


Logic Low Input Voltage 
V1L 
0.0 
0.8 
V 


Logic High Output 
VOEH 
2.0 
Vim2 
V 
Output in high impedance 


Enable Voltage 
state 


Logic Low Output 
VOEL 
0.0 
0.8 
V 
Output enabled 


Enable Voltage 


Input Signal Rise and 
t,.,tr 
1 
ms 
Fall Times 


TTL Fanout 
N 
6 
Standard 
Loads 


7.36 1.2901 
7.88('OJ 


\ 


0.18 
COOl) 


0.33 
(.013) 


TYPE 


NUMBER 


DATE 
CODE 


2 
3 
4 
UL 
RECOGNITION 


II -I 
1_,.7810.0701 
MAX 


DIMENSIONS 
IN MilLIMETERS 
AND (INCHES) 
-- 
-1.19(0.047) 
MAX. 


• 
4.70 (.1851 MAX, 
-+ 
~ 


~ 


I 
' 
! 
-lo5'(020IMIN 


I 
I 
2921115jMIN 


-- 
t-0 
65 ( 025) MAX 


0.76 
(0.030) I---+-~:~::~: 


1.40 
(O.OSS) 


·Pin 3 is the anode of the internal LED and must be left unconnected for guaranteed data sheet performance. 


Electrical Specifications 
Guaranteed 
across recommended operating conditions. Test conditions represent worst case values for 
the parameter 
under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Note 


Logic Low Input 
IODiL 
5.2 
10.0 
mA 
VODI= 5.5 V 
1 


Supply 
Current 
Vr=V1L 


Logic High Input 
looHr 
0.3 
0.6 
mA 
V, = 4.5 V 
VllIH = 5.5 V 
1 


Supply 
Current 
0.9 
1.6 
V, = 2.0 V 


Logic Low 
loo2L 
5.0 
9.0 
mA 
V002 = 5.5 V 


Output 
VOl>= Vor:!. 


Supply 
Current 
Vr=Vu. 


Logic High 
100211 
5.2 
9.0 
mA 
V002 = 5.5 V 
Output 
VOE= VOEL 
Supply 
Current 
10=OmA 
Vr=VIII 


Tri-State 
loo2Z 
5.1 
9.0 
mA 
VOE= 4.5 V 
V002 = 5.5 V 


Output 
Supply 
Current 
5.6 
10.0 
VoE=2.0V 


Input 
Current 
Ir 
-1 
1 
~A 
Vr = VIlIlI or GND 
V001 = 5.5 V 


Output 
Enable 
101> 
-1 
1 
~A 
VoE = VIl02 or GND 


Current 
V002 = 5.5 V 


Logic High Output 
Vall 
4.4 
5.0 
V 
V002 = 4.5 V 
6 


Voltage 
10 = -20 ,LA 
Vr=VII1 
VOE= VOr:L 


• 


Electrical Specifications 
(cont.) 
Guaranteed 
across recommended 
operating 
conditions. 
Test conditions 
represent 
worst case values for 
the parameter 
under test. Test conditions 
that are not specified can be anywhere 
within their operating 
range. All typicals 
are at 25°C and 5 V supplies 
unless otherwise 
noted. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 
Fig. 
Note 


Logic High Output 
VOH 
4.0 
4.8 
V 
VOD2 = 4.5 V 
6 
Voltage 
10 =-4.0 mA 
V1=V1H, 
VOE=VOEL 


Logic High Output 
VOH 
3.7 
4.7 
V 
VOD2 = 4.5 V 
6 
Voltage 
10 =-6.0 mA 
V1=VIH, 
VOE= VOEL 


Logic High Output 
IOH 
-7.5 
-25 
mA 
VOD2 = 4.5 V 
6 
Current 
Vo=3.6V 
VI =V!H' 
VOE=VOEL 


Logic Low Output 
VOL 
0.0 
0.1 
V 
VDD2 = 4.5 V 
5 
Voltage 
10 = 20 J.lA 
V1=V1L, 
VOE=VOEL 


Logic Low Output 
VOL 
0.1 
0.3 
V 
VDD2 = 4.5 V 
5 
Voltage 
lo=4.0mA 
V1=VIL, 
VOE= VOEL 


Logic Low Output 
VOL 
0.15 
0.4 
V 
VOD2 = 4.5 V 
5 
Voltage 
lo=6.0mA 
V1=VIL, 
VOE= VOEL 


Logic Low Output 
10L 
10.5 
23 
mA 
VOD2 = 4.5 V 
5 
Current 
Vo=0.6V 
V1=VIL, 
VOE= VOEL 


High Impedance 
loz 
-5 
5 
J.lA 
VOD2 = 5.5 V 
State Output 
VOE= VOEH, 
Current 
Vo = VOD2 or GND 


Insulation 
Voltage 
'150 
3750 
VRMS 
t = 1 minute 
2,3 
RHS50% 
TA = 25°C 


Input Capacitance 
C1 
4.3 
pF 
f= 1 MHz 
4 


Input-Output 
R1_0 
1012 
1013 
Ohms 
TA=25°C 
V1_O= 500 Vdc 
2 
Resistance 
1011 
TA = 100°C 


Input-Output 
CI.O 
0.7 
pF 
f= 1 MHz 
2 
Capacitance 


Switching Specifications 
Guaranteed 
across 
recommended 
operating 
conditions. 
Test 
conditions 
represent 
worst 
case values 
for 
the parameter 
under 
test. 
Test 
conditions 
that 
are not specified 
can be anywhere 
within 
their 
operating 
range. 
All typicals 
are at 25°C and 5 V supplies 
unless 
otherwise 
noted. 


Parameter 
Symbol 
Device 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 
Fig. 
Note 


Propagation 
tPIlL 
HCPL-7100 
70 
ns 
CL = 50 pF 
7,8 
5,6 


Delay Time 
CMOS Signal Levels 


to Logic 
HCPL-7101 
28 
40 


Low Output 
HCPL-7100 
70 
ns 
CL = 15 pF 
TIL Signal Levels 


HCPL-7101 
40 


Propagation 
tpLII 
HCPL-7100 
70 
ns 
CL = 50 pF 
7,8 
5,6 
Delay Time 
CMOS Signal Levels 
to Logic 
HCPL-7101 
27 
40 
High Output 
HCPL-7100 
70 
ns 
CL = 15 pF 
TIL Signal Levels 


HCPL-7101 
40 


Pulse Width 
PWD 
HCPL-7100 
20 
ns 
CL = 50 pF 
7,9 
6, 7 
Distortion 
CMOS Signal Levels 
ItpllL-tpLHI 
HCPL-7101 
2 
6 


HCPL-7100 
20 
ns 
CL = 15 pF 
TIL Signal Levels 


HCPL-7101 
6 


Data Rate 
HCPL-7100 
15 
MBd 
%PWD <30% 
8 


HCPL-7101 
50 
65 


Propagation 
tPSK 
HCPL-7101 
10 
ns 
10 
9 
Delay Skew 


Output 
Rise 
tR 
HCPL-7100 
12 
ns 
CL = 50 pF 
7 


Time 
CMOS Signal Levels 
(10-90%) 
HCPL-7101 
10 


Output Fall 
tF 
HCPL-7100 
8 
ns 
CL = 50 pF 
7 


Time 
CMOS Signal Levels 
(90-10%) 
HCPL-7101 
7 


Random Jitter 
RJ 
HCPL-7101 
50 
ps rms 
VI = 0-5 V square wave, 
f = 25 MHz, input rise! 
fall time = 5 ns. 


I· 
Rl. = 10 kQ, 
CL = 5 pF. 
TIL threshold 
levels. 


Propagation 
tpzll 
13 
ns 
CL = 50 pF 
12 
6 
Delay Time From 
CMOS Signal Levels 
Output Enabled 
to Logic High 
12 
ns 
CL = 15 pF 
Output 
TIL Signal Levels 


Propagation 
tp'LL 
11 
ns 
CL = 50 pF 
12 
6 


Delay Time From 
CMOS Signal Levels 
Output 
Enabled 


to Logic Low 
10 
ns 
CL = 15 pF 


Output 
TIL Signal Levels 


• 


Switching Specifications (cont.) 
Guaranteed 
across recommended operating conditions. Test conditions represent worst case values for 
the parameter 
under test. Test conditions that are not specified can be anywhere within their operating 


range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Parameter 
Symbol 
Device 
Min. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Note 


Propagation 
tpllZ 
12 
ns 
CL = 50 pF 
12 
6 


Delay Time From 
CMOS Signal Levels 


Logic High to 
Output 
Disabled 
12 
ns 
CL = 15 pF 
TIL 
Signal 
Levels 


Propagation 
tPL.z 
9 
ns 
CL = 50 pF 
12 
6 
Delay Time From 
CMOS Signal 
Levels 
Logic Low to 
Output 
Disabled 
11 
ns 
CL = 15 pF 
TIL 
Signal 
Levels 


Common 
Mode 
ICMIII 
HCPL-7100 
1000 
V/flS 
VCM = 50 V 
V,=Vm 
13, 
10 


Transient 
VD>3.2V 
14 


Immunity 
at 
HCPL-7101 
2000 
VCM = 200 V 
Logic High 
Output 


Common 
Mode 
ICMLI 
HCPL-7100 
1000 
V/fls 
VCM = 50 V 
V,=V'L 
13, 
10 
Transient 
VD < 0.8 V 
14 


Immunity 
at 
HCPL-7101 
2000 
VCM = 200 V 
Logic Low 
Output 


Input 
Dynamic 
CPDl 
68 
pF 
11 
Power Dissipation 
Capacitance 


Output 
Dynamic 
CpD2 
10 
pF 
11 
Power Dissipation 
Capacitance 


Notes: 


1. The LED is OFF when thc V, is high and ON when V, is low. 
2. Device considered a two terminal device; pins 1-4 shorted together and pins 5-8 shorted together. 
3. This is a proof test. 
4. C, is the capacitance measured at pin 2 (V,), 
5. tpliLpropagation delay is measured from the 50% level on the falling edge of the V, signal to the logic switching level of the Vo 


signal. tpWipropagation delay is measured from the 50% level on the rising edge of the V, signal to the logic switching level of 
the V0 signal. 


6. The logic switching levels arc 1.5 V for TTL signals (0-3 V) and 2.5 V for CMOS signals (0-5 V). 
7. PWD is defined as ItpliL- tpwll. %PWD (percent pulse width distortion) is cqualto PWD in ns divided by symbol duration (bit 


length) in ns. 


8. Minimum data rate is calculated as follows:%PWDIPWD where %PWD is typically chosen by the design engineer (30% is 
common). 
9. tpsK is equal to the worst case difTcrcncc in tl'lll. 
and/or 
tl'LIi t.hat will be seen between units at. any given temperature 
wit.hin the 


operating 
condition range. 


10. CMII is the maximum cammon mode voltage slew rate that can be sustained while maintaining Vo> 3.2 V. CMLis the 


maximum 
common 
mode voltage 
slew rate 
t.hat can be sustained 
while maintaining 
V0 < 0.8 V. The common 
mode voltage 
slew rates apply to bath rising and falling cammon made voltage edges. 


11. Unloaded 
dynamic 
power 
dissipation 
is calculated 
as follows: CpD 
• V DD2• f + 1m) • VUI> where 
fis switching 
frequency 
in :MHz. 


HCPL-7100/7101 
Application 
Information 


The HCPL-710017101 is 
extremely easy to use. Because 
the optocoupler uses high-speed 
CMOS IC technology, the inputs 
and output are fully compatible 
with all +5 V TTL and CMOS 
logic. TTL or CMOS logic can be 
connected directly to the inputs 
and output; no external 
interface circuitry is required. 


As shown in Figure I, the only 
external components required 
for proper operation are two 
ceramic bypass capacitors. 
Capacitor values should be 
between 0.01 ~F and 0.1 ~F. For 
each capacitor, the total lead 
length between both ends of the 
capacitor and the power-supply 
pins should not exceed 20 mm. 
Figure 2 illustrates 
the recom- 


mended printed circuit board 
layout for the HCPL-710017101. 


Propagation Delay, 
Pulse-Width Distortion 
and Propagation Delay 
Skew 
Propagation 
delay is a figure of 


merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 
tion delay from low to high 
(tpLH)is the amount of time 
required for an input signal to 
propagate to the output, causing 
the output to change from low to 
high. Similarly, the propagation 
delay from high to low (tpHL)is 
the amount of time required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 7). 


Pulse-width 
distortion (PWD) 
results when tpLHand tpHL 
differ in value. PWD is defined 


as the difference between tpLH 
and tpHLand often determines 
the maximum data rate 
capability of a transmission 
system. PWD can be expressed 
in percent by dividing the PWD 
(in ns) by the minimum pulse 
width (in ns) being transmitted. 
Typically, PWD on the order of 
20-30% of the minimum pulse 
width is tolerable; the exact 
figure depends on the particular 
application CRS232,RS422, T-1, 
etc.). 


Propagation 
delay skew, tpsK, is 


an important 
parameter 
to 


consider in parallel data 
applications 
where synchroniza- 
tion of signals on parallel data 
lines is a concern. If the parallel 
data is being sent through a 
group of optocouplers, differ- 
ences in propagation 
delays will 


cause the data to arrive at the 
outputs of the optocouplers at 
different times. If this difference 
in propagation 
delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 


Propagation 
delay skew is 


defined as the difference 
between the minimum and 
maximum propagation 
delays, 


either tpLHor tpHL,for any given 
group of optocouplers which are 
operating under the same 
conditions (i.e., the same supply 
voltage, output load, and 
operating temperature). 
As 


illustrated 
in Figure 10, if the 
inputs of a group of optocouplers 
are switched either ON or OFF 
at the same time, tl'SKis the 
difference between the shortest 
propagation 
delay, either tl'LHor 
tpHL,and the longest propaga- 
tion delay, either tpLHor tpHL. 


As mentioned earlier, tPSKcan 
determine 
the maximum 


parallel data transmission 
rate. 


Figure 11 is the timing diagram 
of a typical parallel data 
application 
with both the clock 


and the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and 
outputs ofthe optocouplers. To 
obtain the maximum data 
transmission 
rate, both edges of 
the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation 
delay skew 


represents 
the uncertainty 
of 


where an edge might be after 
being sent through an opto- 
coupler. Figure 11 shows that 
there will be uncertainty 
in both 
the data and the clock lines. It 
is important 
that these two 
areas of uncertainty 
not 


overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
sta rt to change before the clock 
signal has arrived. From these 
considerations, 
the absolute 


minimum pulse width that can 
be sent through optocouplers in 
a parallel application 
is twice 


tpSK'A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty 
in the rest of the 
circuit does not cause a 
problem. 


The HCPL-7101 optocoupler 
offers the advantages 
of 


guaranteed 
specifications for 
propagation 
delays, pulse-width 
distortion and propagation 
delay skew over the recom- 
mended temperature, 
and 


power supply ranges. 
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Figure 
5. Typical 
Logic Low Output 
Voltage 
V8. Logic 
Low Output 
Current. 
Figure 
6. Typical 
Logic High Output 
Voltage 
V8. Logic 
High Output 
Current. 
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Figure 
8. HCPL·7101 Typical 
Propagation 
Delay vs. 
Temperature. 
Figure 
9. HCPL-7101 Typical 
Pulse 
Width Distortion 
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Temperature. 
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Figure 
14. Typical Common Mode 


Transient 
Immunity 
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Figure 
13. Test Circuit 
for Common Mode Transient 
Immunity 
and Typical Waveforms. 
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DIMENSIONS 
IN MILLIMETRES 
AND (lNCHESI. 


Features 


• 
WIDE BANDWIDTH: 
17 MHz[l) 


• 
HIGH VOLTAGE 
GAIN: 2.0(1) 


• 
LOW TEMPERATURE 
COEFFICIENT 
(Gv ): 
-0.3% PER ·C[l) 


• 
HIGHLY 
LINEAR AT LOW DRIVE CURRENTS 


• 
HIGH-SPEED 
AIGaAs EMITTER 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF VOLTAGES 
OF 2500 VAC, 1 MINUTE 
AND 5000 VAC, 
1 MINUTE 
(OPTION 
020). 


• 
CSA APPROVED UNDER COMPONENT ACCEPTANCE 
NOTICE NO.5 (FILE NO. LR 88324) 


Description 


The HCPL-4562 
optocoupler 
provides 
wide-bandwidth 
iso- 
lation 
for analog 
signals. 
It is ideal for video isolation 
when 
combined 
with its application 
circuit 
(Figure 4). High linear- 
ity 
and 
low 
phase 
shift 
are achieved 
through 
an 820 nm 


AIGaAs 
emitter, combined 
with a high-speed 
detector. 


Applications 


• 
VIDEO ISOLATION 
FOR THE FOLLOWING 
STANDARDS/FORMATS: 
NTSC, PAL, SECAM, 


S-VHS, 
ANALOG 
RGB 


• 
LOW-DRIVE-CURRENT 
FEEDBACK 
ELEMENT 
IN 
SWITCHING 
POWER SUPPLIES, e.g. FOR ISDN 
NETWORKS 


• 
AID CONVERTER 
SIGNAL 
ISOLATION 


• 
ANALOG 
SIGNAL 
GROUND 
ISOLATION 


MnMLVU/ 
V IU~U 
OPTOCOUPlER 


2 
IF 


ANODE~ 
~ 


CATHDDE?~---------~ 
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Recommended 
operating 
Conditions 


Operating 
Temperature 
-10°C 
to +70°C 
Quiescent 
Input Current 
- 
IFQ 
6 mA 


Peak Input Current 
- 
IF 
10 mA 


Storage 
Temperature. 
. . . . . . . . . . . . . . . .. 
-55°C 
to +125°C 
Operating 
Temperature 
. . . . . . . . . . . . . . . .. 
-40°C 
to +85°C 


Lead Solder Temperature 
260°C for 10s 
(1.6 mm below seating 
plane) 


Average Input Current 
-- 
IF 
12 mA DC 


Peak Input Current 
- 
IF 
18.6 mA 


Effective 
Input Current 
-IF 
12.9mArms 
Supply 
Voltage - 
Vcc (Pin 8-5) 
-0.3 V to 30 V 


Output 
Voltage -- Vo (Pin 6-5) 
-0.3 V to 20 V 


Reverse Input Voltage 
-- 
VR (Pin 3-2) 
1.8V 


Emitter-Base 
Reverse Voltage 
(Pin 5-7) 
5 V 


Peak Output 
Current 
- 
10 (Pin 6) 
16 mA 


Average Output 
Current 
- 
10 (Pin 6) 
8 mA 


Base Current 
- 
IB (Pin 7) 
5 mA 
Output 
Power Dissipation[2j 
...•..........•.... 
100 mW 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increase the component's susceptibility 
to 


damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component 
to prevent 
damage 
and/or 
degradation 
which may 


be induced by ESD. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Notes 


Base Photo 
Current 
IpB 
13 
32 
65 
IJA 
IF = 10 mA, VPB ~ 5 V 
2,6 


19.2 
IJA 
IF=6mA,VPB~5V 
2, 6 


IpB Temperature 
Coefficient 
dips! !IT 
-0.3 
%fOC 
2 mA < IF < 10 mA, VPB ~ 5 V 
2 


IpB Nonlinearity 
0.25 
% 
2 mA< 
IF< 10 mA 
2,6 
3 


Input 
Forward 
Voltage 
VF 
1.1 
1.3 
1.6 
V 
IF= 5 mA 
5 


Input 
Reyerse 
Breakdown 


Voltage 
BVR 
1.8 
5 
V 
IR= 
10IJA 


Transistor 
Current 
Gain 
hFE 
60 
160 
Ic = 1 mA, VCE = 1.25 V 


Current 
Transfer 
Ratio 
CTR 
45 
% 
IF = 6 mA, VCE= 1.25 V, 
8,9 
4 
VPB~ 5 V 


DC Output 
Voltage 
Vo 
4.25 
V 
Gy = 2, Vcc = 9 V 
4,15 


Input-Output 
Resistance 
RI_o 
1012 
n 
VI-o= 
500 V 
5 


Input-Output 
Capacitance 
CI-O 
0.6 
pF 
f= 
1 MHz 
5 


Input-Output 
Insulation 
VISO 
2500 
VRMS 
RH ::; 50%, t = 1 min. 
5,12 
I OPTION 
020 
VISO 
5000 
13 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Notes 


Voltage 
Gain 
Gy(0.1 MHz) 
0.8 
2.0 
4.2 
YIN = 1 Vp-p 
1 
6 


Gy Temperature 
Coefficient 
dGJdT 
-0.3 
%/oC 
YIN = 1 Vp_p,f = 0.1 MHz 
1,11 


Base Photo 
Current 
Variation 
!lipB 
1.1 
3.0 
-dB 
IFQ = 6 mA, 
YIN= 1 Vp_p, 
3,10, 


(6 MHz) 
fREF = 0.1 MHz 
12 


-3 dB Frequency 
(ipB) 
ipB (-3 dB) 
6 
15 
MHz 
YIN= 1 Vp-p, fREF= 0.1 MHz, 
3,10, 
7 


IFa= 
6 mA 
12 


-3 dB Frequency 
(Gy) 
Gy(-3 
dB) 
6 
17 
MHz 
YIN= 1 Vp_p,fREF= 0.1 MHz 
1,11 
7 


Gain Variation 
~Gv(6 
MHz) 
0.8 
-dB 
TA = -10°C, 
YIN = 1 Vp_p, 
1, 11 
fREF = 0.1 MHz 


1.1 
3.0 
-dB 
YIN= 1 Vp_p,fREF = 0.1 MHz 
1,11 


1.5 
-dB 
TA = 70°C, 
YIN= 1 Vp_p, 
1,11 


fREF = 0.1 MHz 


dGv 
1.15 
-dB 
YIN= 1 Vp-p, fREF = 0.1 MHz 
1,11 


(10 MHz) 


Differential 
Gain 
±1 
% 
IFae= 0.7 mA pk-pk, 
3, 7 
8 


IFde = 3 to 9 mA, 
f = 3.58 MHz 


Differential 
Phase 
±1 
deg. 
IFae= 0.7 mA pk-pk, 
3,7 
9 


IFde = 3 to 9 mA, 
f = 3.58 MHz 


Total 
Harmonic 
Distortion 
THO 
2.5 
% 
f = 3.58 MHz, Gv = 2, 
4 
10 
VIN = 1 Vp_p,IFa = 6 mA 


Output 
Noise 
Voltage 
VONOISE 
950 
IJVRMS 10 Hz to 10 MHz 
1 


Isolation 
Mode 
Rejection 
Ratio 
IMRR 
122 
dB 
f=120Hz,Gy=2 
14 
11 


• 


Notes: 
1. When used in the circuit of Figure 1 or Figure 4; GV = VaUTIv'N. 
2. Derate linearly above 70'C free-air temperature at a rate of 2.0 mWI'C. 
3. Maximum variation from the best fit line of IpB vs. IF expressed as a percentage of the peak-to-peak full-scale output. 
4. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 'a, to the forward LED input current, 'F, times 


100%. 
5. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7,and 8 shorted together. 
6. Flat-band small-signal voltage gain. 
7. The frequency at which the gain is 3 dB below the flat-band gain. 
8. Differential gain is the change in the small-signal gain of the optocoupler at 3.58 MHz as the bias level is varied over a given range. 
9. Differential phase is the change in the small-signal phase response of the optocoupler at 3.58 MHz as the bias level is varied over 


a given range. 


10. TOTAL HARMONIC DISTORTION is defined as the square root of the sum of the square of each harmonic distortion component. 
11. ISOLATION MODE REJECTION RATIO, a measure of the optocoupler's ability to reject signals or noise that may exist between 


input and output terminals, is defined by (vouT/v'N)/(vOUTIv'M),where V'Mis the Isolation mode voltage signal. 


12. In accordance with UL 1577, each optoooupler is proof tested by applying an insulation test voltage" 
3000 V,ms for 1 seoond (leakage 


detection current limit, 1'0 S 5 JlA). 


13. In accordance with UL 1577, each optoooupler is proof tested by applying an insulation test voltage" 
6000 V,ms for 1 seoond (leakage 


detection current limit, 1>0 S 5 JlA). 
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Figure 
4. Recommended 
Isolated 
Video 
Interface 
Circuit 
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vs. Forward 
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6. Base Photo 
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Figure 
7. 
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vs. Input 
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8. Current 
Transfer 
Ratio vs. Temperature 
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Figure 10. Base Photo Current Variation ys. Bias Conditions 
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Design Considerations 
of the 


Application 
Circuit 


The 
application 
circuit 
in Figure 
4 incorporates 
several 


features that help maximize 
the bandwidth 
performance 
of 


the HCPL-4562. 
Most important 
of these features is peaked 


response 
of 
the 
detector 
circuit 
that 
helps 
extend 
the 


frequency 
range over which 
the voltage 
gain is relatively 


constant. 
The 
number 
of gain 
stages, 
the overall 
circuit 


topology 
and the choice 
of DC bias points 
are all conse- 


quences of the desire to maximize bandwidth 
performance. 


To use the circuit, 
first select R, to set VE for the desired 
LED quiescent 
current 
by: 


VE 
GyVER10 
IFQ= 
-;;;------ 
R4 
(alps/i1IFlR7Rg 


For a constant value of vlN 
,the circuit topology 
(adjusting 


the gain with R4) preserveJl\'nearity 
by keeping the modula- 


tion factor (MF) dependent 
only on VE. 


iF 
VIN 
Modulation Factor (MF) ~ 
~ 
~ 
21FQ 
2VE 


For a given Gv, VE, and Vcc, DC output 
voltage 
will vary 


only with hFEX. 


VCC-2VSE 


Isxo"'----- R6 hFEX 


Figure 15 shows the dependency 
of the DC output 
voltage 


on hFEX 


For 9 V < Vcc < 12V, select the value of R" such that 


IC 
~ 
Vo 
'" 
4.25V 
'" 9.0 mA 


Q4 
R" 
4700 


The 
voltage 
gain 
of 
the 
second 
stage 
(Q3) is approxi- 
mately equal to: 


1 


1 + s Rg [ CCO,+ 


Increasing 
R'11 (R'" 
includes 
the parallel 
combination 
of 


R11 and 
the 
load 
impedance) 
or 
reducing 
Rg (keeping 


Rg/R1oratio constant) 
will improve the bandwidth. 


If it is necessary to drive a low impedance 
load, bandwidth 
may 
also 
be preserved 
by adding 
an additional 
emitter 


following 
the buffer stage (Qs in Figure 16), in which 
case 


R" can be increased to set IC04 •• 2 mA. 


Finally, adjust R4 to achieve the desired voltage gain. • 


Gy~ 
vour 
~ 
alps 
[ 
R7Rg 
] 


vlN 
alF 
R4 RlO 


alps 


where typically -a- = 0.0032 


IF 


Definition: 
Gv; 
Voltage 
Gain 
IFO= Quiescent 
LED forward 
current 
iFp_p= 
Peak-to-peak 
small signal LED forward 
current 
vlN 
= 
Peak-to-peak 
small 
signal 
input 
voltage 
. 
p-p 


IPSp_p= 
Peak-to-peak 
small 
signal 
base photo 
current 


Ipso= 
Quiescent 
base photo 
current 
VSEX= Base-Emitter 
voltage 
of HCPL-4562 
transistor 


Isxo= 
Quiescent 
base current 
of HCPL-4562 
transistor 
hFEX= Current 
Gain 
(IC/IB) 
of HCPL-4562 
transistor 
VE= Voltage 
across 
emitter 
degeneration 
resistor 
R4 


fr 4= 
Unity 
gain frequency 
of Q4 


CC03= 
Effective 
capacitance 
from 
collector 
of 
Q3 to 


ground 


Wide Body, High Bandwidth, 
Analog/Video 
Optocoupler 


Features 
• 5000 Vrm,/l Minute 
Insulation 
Withstand 
Capability 
• Worldwide 
Safety 
Approval 
UL1577 (File No. E55361) 
VDE 0884 Certification 


(VIORM = 1 kVRMs> 
VDE 860/805/8061804/750-1/ 
IEC 950 
BSI According to BS 415/ 
700216301 
SETI-SEMKO-NEMKO- 
DEMKO-According to IEC 
65/380/950/335 
• Wide Bandwidth: 
9 MHz [I) 
• High Voltage 
Gain: 3(1) 
• Low Temperature 
Coefficient 
(Gy): -0.3% 
PeroC[I) 


• Highly 
Linear 
at Low 
Drive Currents 
• Function 
Compatible 
with 
HCPL-4562 


Applications 
• Video Signal 
Isolation 
for 
the Following 
Standards! 
Formats: 
NTSC, PAL, 


SECAM, S-VHS, ANALOG 
KGB. 
• Low-Drive-Current 
Feed- 
back Element 
in Switching 
Power 
Supplies, 
e.g. for 
ISDN Networks 
• AID Converter 
Signal 
Isolation 
• Analog Signal 
Ground 
Isolation 
• High Voltage 
Insulation 


Description 
The CNW4562 is a wide body 
optocoupler that provides wide- 
bandwidth isolation for analog 
signals. It is ideal for video 
isolation when combined with 
its application circuit (Figure 4). 
The wide body encapsulation 
provides creepage and clearance 
dimensions suitable for safety 
approval by regulatory agencies 
worldwide. 


11.00 (0.433) 


MAX. 


J 


9.00 (0.354) 


_ 
TYP. 


Regulatory Information 
The CNW4562 features 
a wide body eight pin DIP. This package 


was specifically 
designed 
to meet worldwide regulatory 


requirements. 
The CNW4562 has been approved by the following 


organizations: 


UL 
VDE 
Covered under UL component 
recognition 
FILE E55361 
Approved 
according to VDE 0884/08.87 (marks License 
No. 70975) 
Complied for reinforced 
insulation 
at 250 Vac with: 


DIN IEC 380NDE 
0806 
DIN IEC 435NDE 
0805 "ENTWURF" 
DW 57804IDIN VDE 0804 (isolation group C) 
DIN VDE 0860 (HD 195 86) 
DIN IEC 601 Teill/VDE 
0750-1 
DINVDE 
0160 
EN 60950lIEC 
950 
Tested for applications 
(reinforced 
insulation) 
- Class II 
applications 
for plugable 
apparatus 
in normal tight 
execution. 
SETI-8EMKO-NEMKO-DEMKO- 
According to IEC65- IEC380- IEC950- IEC335. 
Certification 
according to BS415:1990, 
B87002:1989 
& 
B86301:1982 
for class II applications. 


*Referto 
the front of the optocoupler 
section ofthe 
1991/1992 Optoelectronics 
De8igner'8 
Catalog, 
under 
Product 
Safety Regulations 
section, (VDE 0884) for a 


detailed 
deacri ption. 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
-40°C to +85°C 


Lead Solder Temperature 
260°C for 10 s 
(up to seating plane) 


Average Input Current 
- IF 
100 mA 
Reverse Input Voltage - VR (Pin 3-2) 
5 V 


Input Power Dissipation 
250 mWl2J 


Average Output 
Current 
- 10 (Pin 6) 
10 mA 
Emitter-Base 
Reverse Voltage (Pin 5-7) 
5 V 


Output 
Voltage - Vo (Pin 6-5) 
-0.3 V to 20 V 
Supply Voltage - Vcc (Pin 8-5) 
-0.3 V to 30 V 
Base Current 
- IB (Pin 7) 
5 mA 
Output 
Power Dissipation 
100 mW 


Recommended Operating Conditions 


Quiescent 
Input Current 
- IFQ 
10 mA 
Peak Input Current 
- IF 
17 mA 


2 
I, 


ANODE~ 
- ¥ 
'0 


CATHODE?------------- 
3 
• 


CAUTION: 
The small junction 
sizes inherent to the design of this bipou.r component increases the component's 


susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions 
be taken 


in handling 
and assembly of this component to prevent damage and Ior degradation 
which may be induced by 
ESD. 


Description 
Symbol 
Characteristic 
Unit 
Installation 
classification per DIN VDE 0109/12.83, Table 1 
For rated mains voltage $ 600 Vnns 
I-IV 
For rated mains voltage $ 1000 Vnns 
I-III 
Climatic Classification 
55/100/21 
Pollution Degree (DIN VDE 0109/12.83) 
2 
Maximum Working Insulation Voltage 
VIORM 
1414 
VPEAK 
1000 
Vnns 
Input to Output Test Voltage, Method b* 
VPR 
2263 
VPEAK 
VPR = 1.6 X VIORM, 100% Production 
1600 
Vnns 
Test with tp = 1 see, Partial Discharge < 5 pC 
Input to Output Test Voltage, Method a* 
VPR 
1697 
VPEAK 
VPR = 1.2 X VIORM, Type and sample test, 
1200 
Vnns 
tp = 60 see, Partial Discharge < 5 pC 
Highest Allowable Overvoltage* 
VTR 
8000 
VPEAK 
(Transient 
Overvoltage, 
trR = 10 see) 
Safety-Limiting 
Values 
(Maximum values allowed in the event of a failure, 
also see Figure 17) 
Case Temperature 
TSI 
150 
°C 
Current (Input Current IF, PSI= 0) 
ISI 
400 
mA 


Output Power (obtained by setting pin 8 = 5.5 V, 
mW 
pins 7,6,5 = ground) 
PshOUTPUT 
700 
Insulation 
Resistance at TSh VIO = 500 V 
RIS 
>109 
n 


'Refer 
to the front of the optocoupler 
section of the lIP Optoelectronics 
Designer's 
Catalog, under 
Product 
Safety Regulations 
section, (VDE 0884) for a detailed 
description. 


Note: Insulation 
characteristics 
are guaranteed 
only within the safety maximum ratings, which must be ensured by protective 
circuits in the application. 


Parameter 
Symbol 
Value 
Units 
Conditions 
Min. External Clearance 
L(IOl) 
9.6 
mm 
Measured from input terminals 
to output 
(External Air Gap) 
terminals 
Min. External Creepage 
L(I02) 
10.0 
mm 
Measured from input terminals 
to output 
(External Tracking Path) 
terminals 
Min. Internal 
Clearance 
1.0 
mm 
Through insulation 
distance conductor to 
(Internal 
Plastic Gap) 
conductor 
Min. Internal 
Creepage 
4.0 
mm 
Measured from input terminals 
to output 
(Internal Tracking Path) 
terminals 
Comparative 
Tracking 
CTI 
200 
volts 
DIN IEC 112JVDE 0303 PART 1 
Index 


Isolation Group 
IlIa 
Material group (DIN VDE 0109) 
(per DIN VDE 0109) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Notes 


Base Photo Current 
IpB 
13 
30 
65 
~ 
IF = 10 mA, VPB~ 5 V 
2,6 


IpBTemp. 
Mpw'&T 
-0.3 
%fOC 
2 rnA < IF < 10 rnA 
2 
Coefficient 
VPB~5V 


IpBNonlinearity 
0.15 
% 
6 rnA < If < 14 rnA 
2,6 
3 


Input Forward 
VF 
1.2 
1.60 
1.8 
V 
IF = 10 rnA 
5 
Voltage 


Input Reverse 
BVR 
5.0 
V 
IR= 10~ 
Breakdown 
Voltage 


Transistor 
Current 
hFE 
60 
170 
Ic = 1 mA, VCE= 1.25 V 
Gain 
VPB~5V 


Current 
Transfer 
CTR 
52 
% 
IF = 10 mA,VCE= 1.25 V 
8,9 
4 
Ratio 
VPB~5V 


DC Output 
Voltage 
Your 
5.0 
V 
IFQ= 10 rnA 
4, 15 
Gv=2, 
Vcc=9V 


Input-Output 
CI-O 
0.5 
0.6 
pF 
f= 1 MHz 
5 
Capacitance 


Resistance 
R1-o 
1012 
1013 
n 
TA = 25°C 
V1_O= 500 Vdc 
5 
(Input-Output) 
1011 
TA = 100°C 


Input-Output 
\)80 
5000 
Vnno 
RH ~ 50%, t = 1 min 
5, 12 
Insulation 
Voltage 
TA = 25°C 
• 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Notes 


Voltage Gain 
Gy 
0.8 
3.0 
4.2 
IrQ = lOmA 
1 
6 
(0.1 MHz) 
VIN = 1 Vp_p 


Gy Temperature 
boGy/boT 
-0.3 
%rC 
IrQ = 10 mA, V1N = 1 Vp-p 1,11 
Coefficient 
fREF= 0.1 MHz 


Base Photo 
b.iPB 
0.36 
3.0 
-dB 
IFQ= 10 mA,VIN = 1Vp-p 3,10, 


Current 
Variation 
(6 MHz) 
fREF= 0.1 MHz 
12 


-3 dB Freq (iPB) 
ipB 
6 
13 
MHz 
IrQ = 10 mA, VIN = 1Vp-p 3,10, 
7 


(-3 dB) 
fREr= 0.1 MHz 
12 


-3 dB Freq (Gy) 
Gy 
6 
9.0 
MHz 
IrQ = 10 mA, VIN = 1Vp_p 1,11 
7 
(-3 dB) 
fREF= 0.1 MHz 


Gain Variation 
boGy 
0.54 
3.0 
-dB 
VIN = 1 Vp.p 
1,11 


(6 MHz) 
fREF= 0.1 MHz 


boGy 
2.27 
(10 MHz) 


Differential 
Gain 
±0.9 
% 
IFac= 1 mA pk-pk 
3,7 
8 
Irdc = 7 to 13 mA 
f= 3.58 MHz 


Differential 
±0.6 
deg. 
Irac = 1 mA pk-pk 
3, 7 
9 
Phase 
Irdc = 7 to 13 mA 
f= 3.58 MHz 


Total Harmonic 
THD 
0.75 
% 
f = 3.58 MHz, Gy =2, 
4 
10 
Distortion 
V1N= 1 Vp-p 
IFQ= 10 mA 


Output 
Noise 
Vo noise 
950 
IJ.Vrma 10 Hz to 10 MHz 
1 


Voltage 


Isolation 
Mode 
IMRR 
119 
dB 
f = 120 Hz, Gy = 2 
14 
11 
Rejection Ratio 


Notes: 


1. When used in the circuit of Figure 
1 
or Figure 
4; Gv = VOUTNIN; 


IFQ = 10 mA. 


2. Derate 
linearly 
above 65°C free-air 
temperature 
at a rate of 4.6 mW/oC 
to maintain 
TJ:S 125°C. 


3. Maximum variation 
from the best fit 
line ofIpB 
vs. IF expressed 
as a 


percentage 
of the peak-to-peak 
full 
scale output. 
4. CURRENT 
TRANSFER 
RATIO 
(CTR) is defIned as the ratio of 
output 
collector current, 
10, to the 


forward 
LED in put current, 
IF, 
times 
100%. 


5. Device considered 
a two terminal 
device: Pins 
1,2,3, and 4 shorted 
together 
and pins 5,6,7, and 8 


shorted 
together. 


6. Flat-band, 
small-signal 
voltage gain. 


7. The frequency 
at which the gain is 3 
dB below the flat-band 
gain. 
8. DifTerential gain is the change in the 


small-signal 
gain of the optocoupler 


at 3.58 MHz as the bias level is 
varied over a given range. 


9. DifTerential 
phase is the change in 
the small-signal 
phase response 
of 
the optocou pIer at 3.58 MHz as the 
bias level is varied over a given 
range. 
10. TOTAL HARMONIC 
DISTORTION 
(THD) is defIned as the square 
root 
of the sum of the square 
of each 
harmonic 
distortion 
component. The 


THD of the isolated 
video circuit is 


measured 
using a 2.6 kn load in 
series with the 50 Q input imped- 
ance of the spectrum 
analyzer. 


11. ISOLATION 
MODE REJECTION 
RATIO (IMRR), a measure 
of the 
optocou pIer's ability to reject signals 
or noise that may exist between 
input and output 
terminals, 
is 
defIned by 20 10glO[(VOU~IN)I 
(VOU~IM)]' 
where VIMis the 


isolation mode voltage signal. 


12. In accordance 
with UL 1577, each 
product 
is tested 
by applying 
an 


insulation 
test voltage of;, 6000 Vnn• 


for 1 second (leakage 
detection 
current 
limit, 11-0 :s 5 !LA).This test 
is performed 
in addition 
to the tests 
shown in the VDE 0884 Insulation 
Characteristics 
Table. 


R1 
6.8 Kn 
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47~F 
loon 


R2 
1.0KU 
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Figure 
5. Input 
Current 
VS. Forward 
Voltage. 


o 
1.08 
~ 
a: 


* 


z" 
eo 


ffia: 
!5u 
cw~ 
;j 
~ 


- 
,..- 
/' 


V 
NORMALIZED ~ 
/ 
TA = 25°C 
IF= 
lOmA 
~ 


VCE = 1.25 V ~ 
VPB==: 
SV 


/ 


Figure 
8. Current 
Transfer 
Ratio 
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Figure 
11. Normalized 
Voltage Gain 


VS. Frequency. 
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Figure 
6. Base Photo Current 
VS. 
Input 
Current. 


Figure 
9. Current 
Transfer 
Ratio 
VB. 
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Figure 
12. Normalized 
Base Photo 
Current 
VB. Frequency. 
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Figure 
7. Small-Signal 
Response 
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Figure 
14. Isolation 
Mode Rejection 
Ratio vs. Frequency. 
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Figure 
17. Dependence 
of Safety Maximum 
Ratings 
with Ambient 
Temperature. 
I 


Conversion from 
HCPL·4562 to CNW4562 
In order to obtain similar circuit performance 
when converting from the HCPL-4562 to the 
CNW4562, it is recommended to increase the 
Quiescent Input Current, IFQ,from 6 mA to 10 
mA. If the application circuit in Figure 4 is used, 
then potentiometer 
R4 should be adjusted 
appropriately. 


Design Considerations of the 
Application Circuit 
The application circuit in Figure 4 incorporates 
several features that help maximize the 
bandwidth 
performance of the CNW4562. Most 
important 
ofthese 
features is peaked response of 
the detector circuit that helps extend the 
frequency range over which the voltage gain is 
relatively constant. The number of gain stages, 
the overall circuit topology, and the choice of DC 
bias points are all consequences ofthe desire to 
maximize bandwidth 
performance. 


To use the circuit, first select R1 to set VEfor the 
desired LED quiescent current by: 


For a constant value vINp-p'the circuit topology 
(adjusting the gain with R4)preserves linearity by 
keeping the modulation factor (MF) dependent 
only on VE. 


iFp.p 
== 
ipBp.p 
= 
VINp.p 


IFQ 
Ipso 
VE 


iF(p.p) 
VINp.p 


Modulation 
Factor (MF): 
-- 
~ 
-- 


21FQ 
2VE 
For a given Gv, VE,and Vcc, DC output voltage 
will vary only with hFEx. 


Rg 


Vo= VCC-VSE4 - -- 
(VsEx-(lpso-lsxo) 
R7l 
RlO 


Figure 15 shows the dependency of the DC output 
voltage on hFEx. 


For 9 V < Vcc < 12 V, select the value of R11such 
that 


Vo 
4.25V 
Ic 
2i 
-- 
:5 -- 
:5 9.0 mA 
Q4 
Rll 
4700 


The voltage gain ofthe second stage (Q3)is 
approximately 
equal to: 


~. 
1 


R10 
[ 
1 + S Rg 
Cco, + 


Increasing R'11(R'11includes the parallel 
combination of R11and the load impedance) or 
reducing Rg (keeping RJRlO ratio constant) will 
improve the bandwidth. 


Ifit is necessary to drive a low impedance load, 
bandwidth may also be preserved by adding an 
additional emitter following the buffer stage (Qs 
in Figure 16), in which case R11can be increased 
to set ICQ4== 2 mA. 


Finally, adjust R4to achieve the desired voltage 
gain. 


Gv 


2i 
VOUT 
2i 
alps 
[ 
R7 Rg 
] 
(10) 


VIN 
alF 
R4 RlO 


alps 
where typically -a- = 0.0032 
IF 


Definition: 


Gv = Voltage Gain 
IFQ= Quiescent LED forward current 
iFp_p= Peak-to-peak 
small signal LED forward 
current 
vINp-p= Peak-to-peak 
small signal input voltage 


iPBp-p= Peak-to-peak 
small signal base photo 
current 
IpBQ= Quiescent base photo current 
VBEX= Base-Emitter 
voltage of CNW4562 


transistor 
IBXQ= Quiescent base current ofCNW4562 
transistor 
hFEX= Current Gain (IC/IE) ofCNW4562 
transistor 
VE= Voltage across emitter degeneration 
resistor R4 
fT, = Unity gain frequency ofQs 


CCQ3= Effective capacitance from collector of Qa 


to ground 


rh~ HEWLETT 
~r...•PACKARD 


Acmc to Logic Interface 
Optocoupler 


Technical Data 


Features 
• Standard 
and Low Input 
Current 
<HCPL-3760) 


Versions 


• AC or DC Input 
• Programmable 
Sense 


Voltage 


• Hysteresis 
• Logic Compatible 
Output 


• Thresholds 
Guaranteed 
Over Temperature 


• Thresholds 
Independent 
of 


LED Degradation 


• Recognized 
Under the 


Component 
Program 
of 


UL. (File No. E55361) for 
Dielectric 
Withstand 
Proof 


Test Voltages of 2500 VAC, 
1 Minute 
• CSA Approved 


Applications 
• Limit Switch ~nsing 
• Low Voltage Detector 
• 5 V-240V ACIDC Voltage 


Sensing 


• Relay Contact Monitor 
• Relay Coil Voltage Monitor 
• Current 
Sensing 


• Microprocessor 
Interfacing 


Description 
The HCPL-3700 and HCPL- 
3760 are voltage/current 
threshold detection optocouplers. 
The HCPL-3760 is a low-current 
version ofthe HCPL-3700. To 
obtain lower current operation, 
the HCPL-3760 uses a high- 
efficiency AlGaAs LED which 
provides higher light output at 
lower drive currents. Both 
devices utilize threshold sensing 
input buffer ICs which permit 
control of threshold levels over a 
wide range of input voltages 
with a single external resistor. 


--t 


~ 4.70 
(.1851 
MAX. 
- 
I 


I 


! 
lO.51 
(020) 


MIN. 
il - 
II 
2.92 
(,115) 
MIN. 


0.76 (.OJ()) 
• - 
-0.65 
(.0251MAX, 


uo 1.055) I----~ ~ ::~: 


HCPL·3700 
HCPL·3760 


several features: hysteresis for 
extra noise immunity and 
switching immunity, a diode 
bridge for easy use with ac 
input signals, and internal 
clamping diodes to protect the 
buffer and LED from a wide 
range of over-voltage and over- 
current transients. 
Because 


I 6.,0,1,.0\ 


7.36 (.290) 6.601.2601 
7.88 (.310) 
! 
1- 


0.18 (007) 
0.33 (.013) ~,- 
I 


threshold 
sensing is done prior 
to driving the LED, variations 
in optical coupling from the 
LED to the detector will have no 
effect on the threshold levels. 


The HCPL-3700's input buffer 
IC has a nominal turn on 
threshold 
of2.5 mA (ITH +) and 
3.7 volts (VTH +). 


The buffer IC for the HCPL- 
3760 was redesigned to permit a 
lower input current. The 
nominal turn on threshold for 
the HCPL-3760 is 1.2 mA (lTH +) 
and 3.7 volts (VTH +). 


The high gain output stage 
features an open collector 
output providing both TTL 
compatible saturation 
voltages 
and CMOS compatible break- 
down voltages. 


By combining several unique 
functions in a single package, 
the user is provided with an 
ideal component for industrial 
control computer input boards 
and other applications 
where a 
predetermined 
input threshold 
level is desirable. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Storage Temperature 
. 
Tg 
-55 
125 
°C 


Operating Temperature 
TA 
-40 
85 
°C 


Lead Soldering Cycle 
Temperature 
260 
°C 
1 


Time 
10 
sec 


Input Current 
Average 
50 
2 


Surge 
IIN 
140 
mA 
2,3 


Transient 
500 


Input Voltage (Pins 2-3) 
V1N 
-0.5 
V 


Input Power Dissipation 
PIN 
230 
mW 
4 


Total Package Power Dissipation 
P 
305 
mW 
5 


Output Power Dissipation 
Po 
210 
mW 
6 


Output Current 
Average 
10 
30 
mA 
7 


Supply Voltage (Pins 8-5) 
Vcc 
-0.5 
20 
V 


Output Voltage (Pins 6-5) 
Vo 
-0.5 
20 
V 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Supply Voltage 
Vcc 
2 
18 
V 


Operating Temperature 
TA 
0 
70 
°C 


Operating 
Frequency 
f 
0 
4 
KHz 
8 


Electrical Specifications 
Over Recommended 
Temperature 
TA = ooe to 70oe, Unless Otherwise 
Specified. 


Parameter 
Sym. 
Device 
Min. 
Typ.") 
Max. 
Units 
Conditions 
Fig. 
Note 


HCPL-3700 
1.96 
2.5 
3.11 
VIN::;:; 
VTH.; 
Vcc::;:;4.5 V; 
I,H. 
Vo = 0.4 V; 10 ? 4.2 mA 
HCPL-3760 
0.87 
1.2 
1.56 


Input 
Threshold 
mA 


Current 
HCPL-3700 
1.00 
1.3 
1.62 
V" = VTH.; Vcc = 4.5 V; 


I,H. 
Vo = 2.4 V; IOH S 100 ~ 
HCPL-3760 
0.43 
0.6 
0.80 
14 


VI' = V, - V,; Pins 
1 & 4 Open 


VTH+ 
3.35 
3.7 
4.05 
V 
Vcc = 4.5 V; Vo = 0.4 V; 
DC 
10 ?4.2 
mA 


(Pins 2,3) 


V" = V, - V,; Pins 
1 & 4 Open 
2, 


VTH. 
2.01 
2.6 
2.86 
V 
Vcc = 4.5 V; Vo = 2.4 V; 
3 


Input 
10 S 100~ 
Threshold 
- 


Voltage 
VI' = IV, - V. I; 
Pins 2 & 3 Open 
AC 
VTH+ 
4.23 
4.9 
5.50 
V 
Vcc = 4.5 V; Vo = 0.4 V; 


(Pins 
1,4) 
10 ?4.2mA 
14,15 


V" = IV, - V. I; 


VTH• 
2.87 
3.7 
4.20 
V 
Pins 2 & 3 Open 
Vcc = 4.5 V; Vo = 2.4 V; 
10 s 100~ 


HCPL-3700 
1.2 


lAYS 
mA 
IHys = I,H. -I,H. 


Hysteresis 
HCPL-3760 
0.6 
2 


VHY8 
1.2 
V 
VHY8 
= VTH+ 
- 
VTH• 


V1Hel 


VIHC1 
;:;; V2 
- V,; V3 = GND; 
5.4 
6.0 
6.6 
V 
II, = 10 mA; Pin 1 & 4 
Connected 
to Pin 3 


VIHCI 


ViHCf= 
IV,-V.I; 


6.1 
6.7 
7.3 
V 
I I' 
= 10 mA; 
1 
Input 
Clamp Voltage 
Pins 2 & 3 Open 


V1Hes 
12.0 
13.4 
V 
VIHC3 = VI - 
V:lI; V, ;;;;GND; 


II, = 15 mA; Pins 
1 & 4 Open 


VILe 
-0.76 
V 
ViLe = V, - V,; V, = GND; 
!,.=-10mA 


HCPL-3700 
3.0 
3.7 
4.4 


Input 
Current 
II, 
mA 
VI' 
= V, - V, = 5.0 V 
5 


HCPL-3760 
1.5 
1.8 
2.2 
Pins 
1 & 4 Open 


HCPL-3700 
0.59 
II, = 3 mA 
Vou 


HCPL-3760 
0.51 
I" 
= 1.5 mA 


Bridge 
Diode 
V 
Forward 
Voltage 
HCPL-3700 
0.74 
I" 
= 3mA 


VD:s,. 


HCPL-3760 
0.71 
II, = 1.5 mA 


• 


Parameter 
Sym. 
Device 
Min. 
Typ.'·l 
Max. 
Units 
Conditions 
Fig. 
Note 


Logic Low Output 
VOL 
0.1 
0.4 
V 
Vcc = 4.5 V; IOL= 4.2 mA 
5 
14 


Voltage 


Logic High 
IOH 
100 
!LA 
VOH= Vcc = 18 V 
14 


Output 
Current 


HCPL-3700 
1.2 
4 


Logic Low Supply 
ICCL 
mA 
V,- V, = 5.0 V; Va = Open; 


Current 
HCPL-3760 
0.7 
3 
Vcc = 5.0V 


Logic High 
Supply 
ICCH 
0.002 
4 
!LA 
Vcc = 18 V; Vo = Open 
4 
14 


Current 


Input.Output 
Visa 
2500 
VRMB 
RH S 50%, t = 1 min; 
16, 


Insulation 
T. = 25°C 
17 


Input.Output 
Rj•o 


I 
1012 
il 
V1•O = 500 VDC 
Resistance 
16 


Input.Output 
C1_O 
0.6 
pF 
f= 
1 MHz; V1•O = 0 VDC 
, 


Capacitance 


Input 
Capacitance 
C'N 
50 
pF 
f= 
1MHz;V'N=OV, 


Pins 2 & 3, Pins 
1 & 4 Open 


Switching Specifications 
TA = 25°C, Vcc = 5.0 V Unless Otherwise 
Specified 


Parameter 
Sym. 
Device 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay 
HCPL-3700 
4.0 
Time to Logic Low 
tpHL 
15.0 
flS 
R, = 4.7 kil, CL = 30 pF 
10 


at Output 
HCPL-3760 
4.5 
6,9 
- 
Propagation 
Delay 
HCPL-3700 
10.0 
Time to Logic High 
tPLH 
40.0 
fls 
R, = 4.7 kil, C, = 30 pF 
11 
at Output 
HCPL-3760 
8.0 


HCPL-3700 
20 
Output 
Rise Time 
t, 
fls 
RL = 4.7 kil, C, = 30 pF 
(10-90%) 
HCPL-3760 
14 
7 
HCPL-3700 
0.3 
Output 
Fall 
Time 
t, 
)-ls 
R, = 4.7 kil, CL = 30 pF 
(90-10%) 
HCPL-3760 
0.4 


Common 
Mode 
I'N = 0 mA, R, = 4.7 1d2, 
Transient Immunity 
ICMH' 
4000 
V/fls 
Vo m;o= 2.0 V, VCM = 1400 V 


at Logic Low Output 
8,10 
12, 13 


Common 
Mode 
HCPL-3700 
ION= 3.11 mA 
R, = 4.7 kil, 


Transient 
Immunity 
ICM,I 
600 
V/flS 
VOm~=0.8V, 


at Logic High 
Output 
HCPL-3760 
IIN = 1.56 mA 
VCM = 140 V 


Notes: 


1. Measured 
at a point 
1.6 mm below seating 
plane. 
2. Current 
int%ut 
of any single lead. 


3. Surge input 
current 
duration 
is 3 ms at 120 Hz pulse repetition 
rate. 
Transient 
input 
current 
duration 
is 10 JAB at 120 Hz 
pulse repetition 
rate. Note that 
maximum 
input 
power, PIN' must be observed. 
4. Derate 
linearly 
above 70·C free-air 
temperature 
at a rate of 4.1 mW/·C. Maximum 
input 
power di88ipation 
of 230 mW allows 


an input 
IC ju nction temperature 
of 125·C at an ambient 
temperature 
of T. = 70·C with a typical 
thermal 
resistance 
from 


junction 
to ambient 
of 0'41 = 240·C W. Excessive 
PIN and T, may result 
in IC chip degradation. 
5. Derate 
linearly 
above 70·C free-air 
temperature 
at a rate of 5.4 mWrC. 
6. Derate 
linearly 
above 70·C free-air 
temperature 
at a rate of 3.9 mW/·C. Maximum 
output 
power di88ipation 
of 210 mW 
allows an output 
IC junction 
temperature 
of 125·C at an ambient 
temperature 
of T. = 70·C with a typical 
thermal 
resistance 
from junction 
to ambient 
of 0,.. = 2650C1W. 
7. Derate 
linearly 
above 70·C free-air 
temperature 
at a rate of 0.6 mAlOC. 
8. Maximum 
operating 
frequency 
is defined when output 
waveform 
Pin 6 obtains 
only 90% ofVcc with R.. = 4.7 kn, CL = 30 pF 


using 
a 5 V square 
wave input 
signal. 


9. All typical 
values 
are at T. = 25·C, Vee = 5.0 V unless 
otherwise 
stated. 


10. The tpHL propagation 
delay is measured 
from the 2.5 V level of the leading 
edge of a 5.0 V input 
pulse (l 
JAB rise time) to the 


1.5 V level on the leading 
edge of the output 
pulse (see Figure 
9). 
11. The tpLH propagation 
delay is measured 
from the 2.5 V level of the trailing 
edge of a 5.0 V input 
pulse (l 
JAB fall time) to the 


1.5 V level on the trailing 
edge of the output 
pulse (see Figure 
9). 
12. Common mode transient 
immunity 
in Logic High level is the maximum 
tolerable 
(positive) 
dVell!'l on the leading 
edge of the 


common mode pulse, V ••' to insure 
that 
the output 
will remain 
in a Logic High state 
(Le., V0> ltv V). Common 
mode 


transient 
immunity 
in e':gic Low level is the maximum 
tolerable 
(negative) 
dVelllil on the trailing 
edge of the common 
mode 
pulse signal, 
Ve••, to insure 
that 
the output 
will remain 
in a Logic Low state 
(Le., V 0 < 0.8 V). See Figure 
10. 
13. In applications 
where dVelll•• may exceed 50,000 V/JAB (such as static 
discharge), 
a series resistor, 
Ree, should be included 
to 


protect 
the detector 
IC from destructively 
high surge currents. 
The recommended 
value for Ree is 240U per volt of allowable 


drop in Vee (between 
Pin 8 and Vee) with a minimum 
value of 240U. 
14. Logic low output 
level at Pin 6 occurs under 
the conditions 
OfVIN~ VTH• as well as the range 
OfV1N> VTH_ once V Nhas 


exceeded 
VTH •• Logic high output 
level at Pin 6 occurs under 
the conditions 
OfV1Ns; VTH• as well as the range 
ofV:" < VTH• 


once VINhas decreased 
below VTH •• 
15. AC voltage 
is instantaneous 
voltage. 
16. Device considered 
a two terminal 
device: Pins 
I, 2, 3, 4 connected 
together, 
and Pins 5, 6, 7, 8 connected 
together. 


17. In accordance 
with UL 1755, each optocoupler 
is proof tested 
by applying 
an insulation 
test voltage 
~ 3000 V 
for 1 second 


(leakage 
detection 
current 
limit, II., S; 5 1lA). 
~, • 
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40 
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7 
I- 
30 
~ 
'" 
25 
'"::>u 
20 
I-~., 
15 


z 
10 


Vcc=5V 
T.• = 25°C 


, 
Rl=4.7kO 


4.2 


4.0 
> 
3.8 
I 
9 
3.6 
0 
3.4 
~ 
'" 
3.2 


'" 
I- 
3.0 
w 
e> 
2.8 
'"~ 
2.6 
0> 
I 
2.4 
~ 
2.2 


2.0 


1.8 


I 


VTH+ 


I 


ITH+ 


" 
I 
I 


.1 


~ 


IT~. 
--r- 


I 
I 


INPUT 


DEVICE 
TH, 
TH. 
CONNNECTION 
... 
HCPL-3700 
2.5mA 
1.3mA 
PINS 2, 3 


HCPL-3760 
1.2mA 
O.6mA 
ORl,4 


V1M 
•••• 
BOTH 
17V 
2.6 V 
PINS 
2, 3 


VlM •••• 
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4.1 V 
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I, 4 


'" 
~ 
3.8 
E 
I 
9 
3.6 
9 
0 
0 
~ 
3.4 
'" 
3.2 
::l 
'"'" 
'" 
I- 
3.0 
'" 
w 
l- 
e> 
I- 
~ 
2.8 
~ 
2.6 
'" 
0 
'" 
~ 
::> 
2.4 
u 
% 
I 
I- 
2.2 
% 
> 
I- 


2.0 


1.8 


VTH+ 


'TH+-...- 


...•..• 
- -- 


~H· 
---- 
I 


T 


__ 
- 


I 


1.6 


1.5 


1.4 
'"7 
1.3 
9 
1.2 
0 


1.1 
~ 
'" 
1.0 
'" 
I- 


0.9 
I-~ 
0.8 
'"'" 
0.7 


::>~ 
0.6 
%I- 


0.5 


0.4 


100 
'1 
I 
•... 
i:i 
10-1 
a:a: 
:>"~ ,0-' 
~.. 
... 
10-3 
'"~ 
:z:"i: ,,,.. 
I 
X~ 1(t6 


I 
I 


.,., 
II,- 
VIN -S.OV 
(PINS2, 31 
Vce· 
S.OV 


i 
! 
I 
_I- 
~ 
~ 
I 
f- 


Vcc· 
S.OV 


I 


,IOL,• 'j2 m~ 
f- 


I 
I 
I 
I 


I 
I 
I 
I 


200 


220~ 
2.1 


I 
2.0 
200", 
" 
.. 
1.' 
180 
~ 
E 
'.8 
, 


180 
~ 
•... 
1.7 
,.0 ~ 
i:ia: 
'.6 
a: 
120 S 
:> 
1.5 


100 ~ 
" 
•... 
:> ,.. 
.. 


80 ~ 
;:: 
1.3 
, 
60 ~ 


.1 
12 


OIl 
I 
1.' 
20 ~ 
1.0 
~ 
0.9 


I 
I 
L 
- 


...- .....!l!L- 
.....- 
V1N=5.0V 
(PINS 
2,31 
Vec, "'5.0V -- 
VOL 
v~- 
IOL 


1 
···2i- 


I 
I 


Figure 4. Typical High Level Supply Current, ICCD VB. 
Temperature. 
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Figure 
8. Common Mode Transient 
Immunity 
V8. 


Common Mode Transient 
Amplitude. 
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Electrical 
Considerations 
The HCPL-3700/3760 
optocouplers have internal 
temperature 
compensated, 


predictable voltage and current 
threshold points which allow 
selection of an external resistor, 
Rx, to determine larger external 
threshold voltage levels. For a 
desired external threshold 
voltage, V.' a corresponding 
typical value of Rx can be ob- 
tained from Figure 11. Specific 
calculation ofRx can be obtained 
from Equation (1). Specification 
of both V+and V voltage 
threshold levels simultaneously 
can be obtained by the use of R 
and Rp as shown in Figure 12 
x 


and determined by Equations 
(2) and (3). 


Rx can provide over-current 
transient 
protection by limiting 
input current during a transient 
condition. For monitoring con- 
tacts of a relay or switch, the 
HCPL-3700/3760 in combina- 
tion with Rx and Rp can be used 
to allow a specific current to be 
conducted through the contacts 
for cleaning purposes (wetting 
current). 


The choice of which input 
voltage clamp level to choose 
depends upon the application of 
this device (see Figure 1). It is 
recommended that the low 


clamp condition be used when 
possible. The low clamp 
condition in conjunction with 
the low input current feature 
will ensure extremely low input 
power dissipation. 


In applications where dVCMldl 
may be extremely large (such as 
static discharge), a series resis- 
tor, Rcc' should be connected in 
series with Vcc and Pin 8 to pro- 
tect the detector IC from 
destructively high surge 
currents. See Note 13 for deter- 
mination ofRcc. In addition, it 
is recommended that a ceramic 
disc bypass capacitor ofO.Olllf 
be placed between Pins 8 and 5 
to reduce the effect of power 
supply noise. 


For interfacing AC signals to 
TTL systems, output low pass 
filtering can be performed with 
a pullup resistor of 1.5 kQ and 
20 Ilf capacitor. This application 
requires a Schmitt trigger gate 
to avoid slow rise time chatter 
problems. For AC input applica- 
tions, a filter capacitor can be 
placed across the DC input 
terminals for either signal or 
transient 
filtering. 


Either AC (Pins 1, 4) or DC 
(Pins 2, 3) input can be used to 
determine external threshold 
levels. 


For one specifically selected 
external threshold voltage level 
V+or V., Rx can be determined 
without use of R via 
p 


v-v 
+ (-) 
THt_) 


For two specifically selected 
external threshold voltage 
levels, V+and V., the use of Rx 
and Rp will permit this selection 
via equations (2), (3) provided 
the following conditions are 
met. If the denominator 
of 
equation (2) is positive, then 


V 
VTH 
V - VTH 
ITH+ 


-+ 
~ 
--+ 
and 
+ 
+ < 


V. 
VTH. 
V. - VTH. 
ITH• 


Conversely, ifthe 
denominator 


of equation (2) is negative, then 


V+ 
V 
V-V 
I 
:;; 
TH+ 
and 
+ 
TH+ > ~ 


V. 
VTH. 
V. - VTH. 
ITH• 


VTH• (V). 
VTH+ (V) 


ITH+ (V TH) 
- ITH_ (V TH) 


VTH• (V) - VTH+ (V) 


Rp = -------- 
(3) 


ITH+(V.-VTIl)+ITIl_(VTIl+-V.) 
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Features 


• 
GUARANTEED 
20 mA LOOP PARAMETERS 


• 
DATA INPUT 
COMPATIBLE 
WITH LSTTL, TTL 
AND CMOS 
LOGIC 


• 
GUARANTEED 
PERFORMANCE 
OVER 
TEMPERATURE 
(O°C TO 70°C) 


• 
INTERNAL 
SHIELD 
FOR HIGH COMMON 
MODE 
REJECTION 


• 
20 KBaud DATA RATE AT 400 METRES 
LINE 
LENGTH 


• 
GUARANTEED 
ON AND OFF OUTPUT 
CURRENT 
LEVELS 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


• 
CSA APPROVED 


• 
OPTICALLY 
COUPLED 
20 mA CURRENT 
LOOP 
RECEIVER, 
HCPL-4200, 
ALSO AVAILABLE. 


Applications 


• 
IMPLEMENT 
AN ISOLATED 
20 mA CURRENT 
LOOP TRANSMITTER 
IN: 
Computer 
Peripherals 
Industrial Control Equipment 
Data Communications 
Equipment 


I~:~:~: 
--:-1 
r- 


TYPE 
NUMBER 
, 


DATE CODe 
6.10 (.240) 


1.36 (.290)6.60 (.2601 


7.88 
(.310) 
j 


~~COGN'TION 
~ 
_ 


PIN 
1 
2 
3 
4 


ONEil 
-I 
1-1.781.0101 
MAX. 
t 


- 
--- 
1.19 (.047) MAX, 
DIMENSIONS 
IN MlLLlMETRES 
AND (INCHES) 


0.181.0071 
0.33 [O13):l 
\ 


t 
~ 4.70 
(.1851 MAX, 
- 
I 


! 
I 
t lo.s1 
(.020) 


I 
~ 
MIN. 
II 


2.92(.1151 
MIN. 


0.76 (.030) 
I 
..........• 
--0.65 
(.025) MAX. 


1.40 (.0551 I----~ ~:~~ 
::~~: 


The HCPL-4100 
optocoupler 
is designed 
to operate 
as a 
transmitter 
in equipment 
using the 20 mA current 
loop. 20 
mA 
current 
loop 
systems 
conventionally 
signal 
a logic 
high state by transmitting 
20 mA of loop current 
(MARK), 


and signal 
a logic 
low state by allowing 
no more than a 
few 
milliamperes 
of 
loop 
current 
(SPACE). 
Optical 


coupling 
of the signal 
from 
the logic 
input 
to the 20 mA 
current 
loop breaks 
ground 
loops and provides 
very high 
immunity 
to common 
mode interference. 


The HCPL-4100 
data input is compatible 
with LSTTL. TTL. 


and CMOS 
logic gates. The input 
integrated 
circuit 
drives 
a GaAsP LED. The light emitted 
by the LED is sensed by a 
second 
integrated 
circuit 
that allows 20 mA to pass with a 
voltage 
drop of less than 2.7 volts when no light is emitted 
and allows 
less than 2 mA to pass when 
light 
is emitted. 
The transmitter 
output 
is capable 
of withstanding 
27 volts. 


The input 
integrated 
circuit 
provides 
a controlled 
amount 
of 
LED drive 
current 
and 
takes 
into 
account 
LED light 
output degradation. 
The internal 
shield allows a guaranteed 
1000 VI p's common 
mode transient 
immunity. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power 
Supply 


Voltage 
Vee 
4.5 
20 
Volts 


Input 
Voltage 
Low 
VIL 
0 
0.8 
Volts 


Input 
Voltage 
High 
VIH 
2.0 
20 
Volts 


Operating 
Temperature 
TA 
0 
70 
°C 


Output 
Voltage 
Vo 
0 
27 
Volts 


Output 
Current 
10 
0 
24 
mA 


Storage 
Temperature 
-55°C 
to 125°C 


Operating 
Temperature................ 
-40°C 
to 85°C 


Lead Solder 
Temperature 
260°C 
lor 
10 sec. 
(1.6 mm below 
seating 
plane) 


Supply 
Voltage 
- 
Vee 
0 to 20 V 


Average 
Output 
Current 
- 
10 
-30 mA to 30 mA 


Peak Output 
Current 
- 
10 
internally 
limited 


Output 
Voltage 
- 
Vo 
...........•....... 
-0.4 V to 27 V 


Input 
Voltage 
- 
VI 
-0.5 V to 20 V 


Input 
Power 
Dissipation 
- 
PI 
265 mWl1j 


Output 
Power 
Dissipation 
- 
Po 
125 mW[21 


Total 
Power 
Dissipation 
- 
P 
360 mWl31 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Mark 
State 
Output 
1.8 
2.25 
Volts 
10= 2 mA 
I VI = 2.0 V 
Voltage 
VMO 
2.2 
Volts 
10=12mA 
1,2 
235 
2.7 
Volts 
10 = 20 mA 


Mark 
State Short 
Circuit 
Ise 
30 
85 
mA 
VI = 2 V, Vo = 5 V to 27 V 
4 
Output 
Current 


Space 
State 
Output 
Iso 
0.5 
1.1 
2.0 
mA 
VI = 0.8 V, Vo = 27 V 
3 
Current 


Low 
Level 
Input 
Current 
IlL 
-0.12 
-0.32 
mA 
Vee = 20 V, VI = 0.4 V 


Low 
Level 
Input 
Voltage 
VIL 
0.8 
Volts 


High 
Level 
Input 
Voltage 
VIH 
2.0 
Volts 


20 
p.A 
VI = 2.7 V 


High 
Level 
Input 
Current 
IIH 
100 
p.A 
VI = 5.5 V 
0.005 
250 
p.A 
VI = 20 V 


Supply 
Current 
Ice 
7.0 
11.5 
mA 
Vee = 55 
V 
I 0 V S VI S 20 V 


7.8 
13 
mA 
Vee = 20 V 


Input-Output 
Insulation 
VISO 
2500 
VRMS 


RH S 50%, t = 1 min. 
5,13 
TA = 25°C 


Resistance 


RI-O 
1012 
Ohms 
VI-O = 500 V dc 
5 
(input-outpull 


Capacitance 
CI-O 
1 
pF 
1=1 
MHz, VI-O = 0 V dc 
5 
(input-outputl 


Notes: 


1. Derate linearly 
above 55° C free air temperature 
at a rate of 3.8 mW/o C. Proper application 
of the derating 
factors 
will prevent 
IC 


junction 
temperatures 
from 
exceeding 
125°C 
for ambient 
temperatures 
up to 85°C. 
. 


2. Derate linearly 
above a free-air 
temperature 
of 70°C at a rate of 2.3 mW;oC. A significant 
amount 
of power may be dissipated 
in 


the HCPL-4100 
output 
circuit 
during 
the transition 
from the SPACE state to the MARK state when driving 
a data line or capacitive 


load ICOUTI. The average power dissipation 
during 
the transition 
can be estimated 
from the following 
equation 
which 
assumes a 


linear discharge 
of a capacitive 
load: P = Isc IVso + VMo1/2, where Vso is the output 
voltage 
in the SPACE state. The duration 
of 


this transition 
can be estimated 
as t = COUT IVSO - VMOI/ISC. For typical 
applications 
driving 
twisted 
pair data lines with NRZ data 


as shown 
in Figure 
11, the transition 
time 
will be less than 
10% of one 
bit time. 
3. Derate 
linearly 
above 
55°C 
free-air 
temperature 
at a rate 
of 5.1 mW/oC. 
4. The maximum 
current 
that will flow into the output 
in the mark state IIscl is internally 
limited to protect the device. The duration 
of 


the output 
short 
circuit 
shall 
not exceed 
10 ms. 


5. The device is considered 
a two terminal 
device, pins 1, 2, 3, and 4 are connected 
together, 
and pins 5, 6, 7, and 8 are connected 
together .. 


switching Specifications 


for 0 :; TA:; 
70° C, 4.5 V:; 
Vcc 
:; 20 V, all typicals 
at TA = 25° C and Vcc 
= 5 V unless 
otherwise 
noted 


Parameter 
Symbol 
Min. 
Typ, 
Max, 
Units 
Testing 
Conditions 
Fig. 
Note 


Propagation 
Delay 
Time 
to Logic 
High 
Output 
tPLH 
0.3 
1.6 
!-'s 
Co = 1000 pF, CL = 15 pF, 10 = 20 mA 
4,5,6 
6 


Level 


Propagation 
Delay 
Time 
to Logic 
Low Output 
tPHL 
0.2 
1.0 
!-'s 
Co = 1000 pF, CL = 15 pF, 10 = 20 mA 
4,5,6 
7 


Level 


Propagation 
Delay 


tPLH-tpHL 
0.1 
!-'S 
10 = 20 mA 
Time 
Skew 


Output 
Rise Time 
tr 
16 
ns 
10 = 20 mA, Co = 1000 pF, CL = 15 pF. 
5,7 
8 
(10-90%) 


Output 
Fall Time 
tf 
23 
ns 
10 = 20 mA, Co = 1000 pF, CL = 15 pF. 
5,7 
9 
(90-10%) 


Common 
Mode 
V,=2V,TA=25°C 


Transient 
Immunity 
at 
ICMHI 
1,000 
10,000 
V/!-'s 
VCM = 50 V (peak), Vcc 
= 5 V 
8,9 
10 
Logic 
High 
Output 
Level 
10 (min.l = 12 mA 


Common 
Mode 
VI = 0.8 V, TA = 25°C 


Transient 
Immunity 
at 
I CML! 
1,000 
10,000 
V/!-'s 
VCM = 50 V (peak), Vcc 
= 5 V 
8,9 
11 


Logic 
Low 
Output 
Level 
10 (max.1 = 3 mA 


Notes: 


6. 
The 
tpLH propagation 
delay 
is measured 
from 
the 
1.3 volt 
level 
on the 
leading 
edge 
of the 
input 
pulse 
to the 
10 mA level 
on the 
leading 
edge 
of the output 
pulse. 


7. The 
tpHL propagation 
delay 
is measured 
from 
the 
1.3 volt 
level 
on the trailing 
edge 
of the 
input 
pulse 
to the 
10 mA level 
on the 
trailing 
edge 
of the output 
pulse. 


8. 
The 
rise time, 
t" 
is measured 
from 
the 
10% to the 90% level on the 
rising 
edge 
of the output 
current 
pulse. 


9. 
The 
fall time, 
tf, 
is measured 
from 
the 90% to the 
10% level 
on the falling 
edge 
of the output 
current 
pulse. 


10. 
The 
common 
mode 
transient 
immunity 
in the 
logic 
high 
level 
is the 
maximum 
(positive) 
dVcM/dt 
on the 
leading 
edge 
of the 


common 
mode 
pulse, 
VCM' that 
can 
be sustained 
with 
the output 
in a Mark 
("H") 
state 
(i.e., 
10> 
12 mAl. 


11. 
The 
common 
mode 
transient 
immunity 
in the 
logic 
low 
level 
is the 
maximum 
(negative) 
dVcM/dt 
on the 
leading 
edge 
of the 
common 
mode 
pulse, 
VCM' that 
can 
be sustained 
with 
the output 
in a Space 
("L") 
state 
(i.e., 
10> 3 mAl. 


12. 
Use of a 0.1 I'F 
bypass 
capacitor 
connected 
between 
pins 
5 and 
8 is recommended. 


13. In accordance 
with UL 1577, each optocoupler 
is proof tested by applying 
an 
insulation 
test 
voltage 
2 3000 
V,ms for 
1 second 
(leakage 
detection 
current 
limit, I..,," 5 ~). 
• 
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Figure 1. 
Typical Mark State Output Voltage VB. 
Figure 2. 
Typical Output Voltage 
VB. Output Current in 


Temperature 
Mark State 


1.3 


1.2 
VLlNE 
r---OVCC 
'" 
(27 V) 
E 
./ 
I 
1.1 
~"" M"'" 


3V,10KHz 
•... 


~ ".. 
~[ 
~ 


SOUAREWAVE 
~ 
~ 
Hl~~ 
a: 
1.0 
3000 
2N3740 
:[ 
J7 
0.1 ~F 
a: 


~ 
'" 


HCPl- 
PULSE 
" 


GENERATOR 
u 
Vo 
4100 
6 


w 
0.0 
~ 


1000 pF 
4 
Y- 


Zo =50n 
u 
;:;-- 
5.6K 
tr:= tf = Sns 
~ 
Co;;:' 
vlN feL 
, 
0.8 
20V 


"" 
V,=O.8V 
130 n 


0.7 
CL-15pF 


0.6 
INCLUDING 
PROBE AND JIG CAPACITANCES. 
-=- 


-40 
-20 
0 
20 
40 
60 
80 
100 


TA - 
TEMPERATURE 
_ °c 


Figure 3. 
Typical Space State Output Current vs. 
Figure 4. 
Test Circuit tor tpLH. tpHL. tr• and tt 
Temperature 


0.• 


----3.0V 
0.' 
I 
, 
~ 
I 
>- 
v, 
-.J --------- 
---1.3V 
~ 
0.4 
L--O.OV 


Q 
tPlH I--~ 
z0 
- 


- 
-20mA 
i= 
0.3 
90%-- 
- 
------ 
- 
--00% 
'" 
J-- 


........- 
" 
~ 
~ 
10 
--. --------- 
- 
-lOmA 
0 
0.2 
g: 
Co '" 1000 
pF 


10%=-~ 
------- 
~~O% 
I 
CL=15pF 


'so 
0- 
0.1 
-', 
- 
If 


- 
-'PLH 
~ 
-tPHL 
0 


-40 
-20 
0 
20 
40 
60 
80 
100 


TA - 
TEMPERATURE 
- 
C 


Figure 5. 
Wavetorms tor tPLH. tpHL. tr• and tt 
Figure 6. 
Typical Propagation Delay vs. Temperature 
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Data transfer 
between 
equipment 
which 
employs 
current 
loop 
circuits 
can be accomplished 
via one of three 
con- 
figurations: 
simplex, 
half 
duplex 
or 
full 
duplex 
com- 
munication. 
With these configurations, 
point 
to point 
and 
multidrop 
arrangements 
are 
possible. 
·The 
appropriate 
configuration 
to use depends 
upon 
data rate, number 
of 
stations, 
number 
and length of lines, direction 
of data flow, 


protocol, 
current 
source 
location 
and voltage 
compliance 
value, etc. 


SIMPLEX 
The simplex 
configuration, 
whether 
point to point or multi- 
drop, 
gives unidirectional 
data flow 
from 
transmitler(s) 
to 
receiver. 
This is the simplest 
configuration 
for use in long 
line length 
(two wire), moderate 
data rate, and low current 
source 
compliance 
level applications. 
A block 
diagram 
of 
simplex 
point 
to point 
arrangement 
is given 
in Figure 
10 
for the HCPL-4100 
transmitter 
optocoupler. 
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Figure 10. Simplex Point to Point Current Loop System 


Configuration 


Major 
factors 
which 
limit maximum 
data rate performance 
for a simplex 
loop are the location 
and compliance 
voltage 
of the loop current 
source 
as well as the total 
line capaci- 


tance. 
Application 
of 
the 
HCPL-4100 
transmitter 
in 
a 
simplex 
loop 
necessitates 
that 
a non-isolated 
active 
re- 


ceiver (containing 
current 
source) 
be used at the opposite 


end of the current 
loop. 
With 
long 
line length, 
large 
line 


capacitance 
will need to be charged 
to the compliance 
vol- 


tage 
level of the current 
source 
before 
the receiver 
loop 


current 
decreases 
to zero. 
This 
effect 
limits 
upper 
data 
rate performance. 
Slower 
data rates will occur 
with 
larger 


compliance 
voltage 
levels. The maximum 
compliance 
level 


is determined 
by the transmitter 
breakdown 
characteristic. 


In addition, 
adequate 
compliance 
of the 
current 
source 


must be available 
for voltage 
drops across station(sl 
during 
the 
MARK 
state 
in 
multidrop 
applications 
for 
long 
line 
lengths. 


In a simplex 
multidrop 
application 
with 
mUltiple 
HCPL- 
4100 
transmitters 
and 
one 
non-isolated 
active 
receiver, 


priority 
of transmitters 
must be established. 


A recommended 
non-isolated 
active receiver 
circuit 
which 
can 
be used 
with 
the 
HCPL-4100 
in point 
to point 
or in 
multidrop 
20 mA current 
loop applications 
is given in Fig- 
ure 11. This non-isolated 
active 
receiver 
current 
threshold 
must 
be chosen 
properly 
in order 
to 
provide 
adequate 
noise 
immunity 
as well as not to detect 
SPACE 
state cur- 


rent 
(bias 
currentl 
of 
the 
HCPL-4100 
transmitter. 
The 


receiver 
input threshold 
current 
is Vth/Rth 
~ 10 mA. A sim- 
ple transistor 
current 
source 
provides 
a nominal 
20 mA 


loop 
current 
over 
a Vcc 
compliance 
range 
of 6 V dc to 


27 V dc. A resistor 
can 
be used in place 
of the constant 


current 
source 
for simple 
applications 
where the wire loop 


distance 
and number 
of stations 
on the loop are fixed. 
A 


minimum 
transmitter 
output 
load capacitance 
of 1000 pF 
is 
required 
between 
pins 
3 
and 
4 to 
ensure 
absolute 


stability. 


Length 
of the current 
loop (one direction) 
versus minimum 


required 
DC supply 
voltage, 
Vcc, 
of the circuit 
in Figure 


11 is graphically 
illustrated 
in Figure 
12. MUltidrop 
config- 


urations 
will 
require 
larger Vcc than 
Figure 
12 predicts 
in 


order 
to 
account 
for 
additional 
station 
terminal 
voltage 


drops. 


Vcc,z 
O.OO212;;(L) 
+ 5.7 V 


RCABLE '" 0.05296 
n/m 
ILOOP '" 20mA 
VMARK 
'" 2.7 Vdc (HCPL-4100) 


VSAT '" 1.5 Vdc (CURRENT 
SOURCE) 
~ 
24 
o> 
20 


I 


Figure 12. Mimlnum Required Supply Voltage, Vcc, vs. 
Loop Length for Current Loop Circuit of 
Figure 12 
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Figure 11. Recommended Non-Isolated Active Receiver with HCPL-4100 Isolated Transmiller for Simplex Point to Point 
20 mA Current Loop 
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Figure 13. Typical Data Rate ys. Distance and Supply 
Voltage 


Typical 
data 
rate 
performance 
versus 
distance 
is illus- 
trated 
in Figure 
13 for the combination 
of a non-isolated 
active 
receiver 
and HCPL-4100 
optically 
coupled 
current 
loop transmitter 
shown 
in Figure 11. Curves are shown for 


25% distortion 
data rate at different 
Vcc values. 25% dis- 
tortion 
data 
rate 
is defi ned 
as that 
rate 
at which 
25% 
distortion 
occurs 
to output 
bit interval 
with respect to the 
input 
bit interval. 
Maximum 
data 
rate (dotted 
line) is re- 
stricted 
by 
device 
characteristics. 
An 
input 
Non-Return-to-Zero 
(NRZ) 
test 
waveform 
of 
16 bits 


(0000001011111101) 
was used for data rate distortion 
mea- 
surements. 
Enhanced 
speed 
performance 
of 
the 
loop 
system 
can be obtained 
with 
lower 
Vcc supply 
levels, as 
illustrated 
in Figure 
13. In addition, 
when 
loop current 
is 
supplied 
through 
a resistor instead of by a current 
source, 


an additional 
series 
termination 
resistance 
equal 
to the 
characteristic 
line impedance 
can be used at the HCPL- 
4100 transmitter 
end 
to enhance 
speed 
of response 
by 
approximately 
20%. 


The cable used contained 
five pairs of unshielded, 
twisted, 
22 AWG wire (Dearborn 
#862205). Loop current 
is 20 mA 
nominal. 
Input 
and output 
logic 
supply 
voltages 
are 5 V 
de. 


NON-ISOLATED 
STATION 
,------, 
I 


Figure 14. Full Duplex Point to Point Current Loop 
System Contiguration 


FULL DUPLEX 
Full 
duplex 
point 
to 
point 
communication 
of Figure 
14 
uses 
a four 
wire 
system 
to 
provide 
simultaneous, 
bi- 
directional 
data communication 
between 
local and remote 
equipment. 
Basic 
application 
uses two 
simplex 
point 
to 
point 
loops which 
have two separate, 
active, non-isolated 
units at one common 
end of the loops. The other 
end of 
each loop is isolated. 


As 
Figure 
14 
illustrates, 
the 
combination 
of 
Hewlett- 
Packard 
current 
loop 
optocouplers, 
HCPL-4100 
transmitter 
and HCPL-4200 
receiver, 
can 
be used at the 


isolated 
end 
of 
current 
loops. 
Cross 
talk 
and 
common 
mode coupling 
are greatly 
reduced 
when optical 
isolation 
is implemented 
at the same end of both loops, as shown. 


Full duplex 
data rate is limited 
by the non-isolated 
active 
receiver 
current 
loop. 
Comments 
mentioned 
under 
sim- 
plex configuration 
apply 
to the full duplex 
case. Consult 
the HCPL-4200 
receiver 
optocoupler 
data sheet for speci- 
fied device performance. 


HALF DUPLEX 
The 
half duplex 
configuration, 
whether 
point 
to point 
or 
multidrop, 
gives non-simultaneous 
bidirectional 
data flow 
from 
transmitters 
to receivers 
shown 
in Figures 
15a and 
15b. This 
configuration 
allows 
the 
use of two 
wires 
to 
carry data back and forth 
between 
local and remote 
units. 
However, 
protocol 
must be used to determine 
which 
spe- 
cific 
transmitter 
can operate 
at any given time. 
Maximum 
data 
rate for a half duplex 
system 
is limited 
by the loop 
current 
charging 
time. 
These 
considerations 
were 
ex- 
plained 
in the Simplex 
configuration 
section. 


Figures 
15a and 15b illustrate 
half duplex 
application 
for 
the 
combination 
of HCPL-4100/-4200 
optocouplers. 
The 
unique 
and 
complementary 
designs 
of 
the 
HCPL-4100 
transmitter 
and HCPL-4200 
receiver 
optocouplers 
provide 
many designed-in 
benefits. 
For example, 
total optical 
iso- 
lation 
at 
one 
end 
of 
the 
current 
loop 
is 
easily 
accomplished, 
which 
results 
in 
substantial 
removal 
of 
common 
mode influences, 
elimination 
of ground 
potential 
differences 
and reduction 
of power 
supply 
requirements. 


With this combination 
of HCPL-4100/-4200 
optocouplers, 


specific 
current 
loop noise immunity 
is provided, 
i.e., min- 
imum SPACE state current 
noise immunity 
is 1 mA, MARK 
state noise immunity 
is 8 mA. 


Voltage 
compliance 
of the current 
source 
must 
be of an 
adequate 
level for operating 
all units in the loop while not 
exceeding 
27 V dc, the maximum 
breakdown 
voltage 
for 
the HCPL-4100. 
Note that the HCPL-4100 
transmitter 
will 
allow 
output 
loop 
current 
to 
conduct 
when 
input 
Vcc 


power is off. Consult 
the HCPL-4200 
receiver optocoupler 
data sheet for specified 
device performance. 


For 
more 
informaton 
about 
the 
HCPL-4100/-4200 
opto- 
couplers, 
consult 
Application 
Note 1018. 
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Features 
• 
DATA OUTPUT 
COMPATIBLE 
WITH 
LSTTL, TTL 
AND CMOS 


• 
20 K BAUD DATA RATE AT 1400 METRES 
LINE 
LENGTH 


• 
GUARANTEED 
PERFORMANCE 
OVER 
TEMPERATURE 
(O°C TO 70°C) 


• 
GUARANTEED 
ON AND OFF THRESHOLDS 


• 
LED IS PROTECTED 
FROM EXCESS CURRENT 


• 
INPUT 
THRESHOLD 
HYSTERESIS 


• 
THREE-STATE 
OUTPUT 
COMPATIBLE 
WITH 
DATA BUSES 


• 
INTERNAL 
SHIELD 
FOR HIGH COMMON 
MODE 
REJECTION 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC 
WITHSTAND 
PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


• 
OPTICALLY 
COUPLED 
20 mA CURRENT 
LOOP 
TRANSMITTER, 
HCPL-4100, 
ALSO AVAILABLE. 


• 
CSA APPROVED 


Applications 


• 
IMPLEMENT 
AN ISOLATED 
20 mA CURRENT 
LOOP 
RECEIVER 
IN: 
Computer 
Peripherals 


Industrial 
Control Equipment 
Data Communications 
Equipment 


OUTLINE 
DRAWING' 


1_ 
9.40 1.3701-I 
9.90 1.3901 


8 
7 
6 
5 


0.181.0071 
0.33 1-:0131-\ 


'f 


TYPE 
NUMBER 
t 


DATE coDe 
6.10 (.240) 


7.361.2901 6.60 1.2601 
7.881.3101 
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~~COGNITION 
~ 
_ 


PIN 
1 
2 
3 
4 


ONEII ~ 
1-1.781.0701 
MAX. 
f 


- 
--- 
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DIMENSIONS 
IN MILLIMETRES 
AND 
(INCHES) 


t 
~ 4.70 
(.1851 MAX. 


- 
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-t051 
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• 
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II 


2921 
115)MIN 
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I 
-- 
--065(025) 
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1.40 (.055) l-~ 
2.28 
{.OOOl 
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Description 


The HCPL-4200 
optocoupler 
is designed 
to operate 
as a 
receiver 
in equipment 
using the 20 mA Current 
Loop. 20 


mA current 
loop 
systems 
conventionally 
signal 
a logic 


high state by transmitting 
20 mA of loop current 
(MARKI. 


and signal 
a logic 
low state by allowing 
no more than a 


few 
milliamperes 
of loop 
current 
(SPACEI. 
Optical 
cou- 


pling 
of the signal 
from 
the 20 mA current 
loop 
to the 


logic output 
breaks ground 
loops and provides 
for a very 


high common 
mode rejection. 
The HCPL-4200 
aids in the 


design 
process 
by 
providing 
guaranteed 
thresholds 
for 


logic 
high state and logic 
low state for the current 
loop, 


providing 
an 
LSTTL, 
TTL. 
or 
CMOS 
compatible 
logic 
interface. 
and 
providing 
guaranteed 
common 
mode 
re- 


jection. 
The buffer 
circuit 
on the current 
loop side of the 


HCPL-4200 
provides 
typically 
0.8 mA of hysteresis 
which 
increases 
the immunity 
to common 
mode and differential 
mode noise. The buffer also provides 
a controlled 
amount 


of LED drive current 
which 
takes into account 
LED light 


output degradation. 
The internal shield allows a guaranteed 


1000 V/p.s common 
mode transient 
immunity. 


• 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply 
Voltage 
Vcc 
4.5 
20 
Volts 


Forward 
Input 
Current 
(SPACE) 
ISI 
0 
2.0 
mA 


Forward 
Input 
Current 
(MARK) 
IMI 
14 
24 
mA 


Operating 
Temperature 
TA 
0 
70 
°C 


Fan Out 
N 
0 
4 
TTL Loads 


Logic 
Low 
Enable Voltage 
VEL 
0 
0.8 
Volts 


Logic 
High 
Enable Voltage 
VEH 
2.0 
20 
Volts 


Storage 
Temperature 
.......••....... 
-55°C 
to 125°C 


Operating 
Temperature 
-40°C 
to 85°C 


Lead Solder Temperature 
260°C 
for 10 sec. 


(1.6 mm below the seating 
plane) 


Supply 
Voltage 
- 
Vcc 
0 V to 20 V 


Average 
Input 
Current 
- 
II 
-30 
mA to 30 mA 


Peak Transient 
Input Current 
- 
II 
0.5 All] 


Enable 
Input Voltage 
- 
VE ...........•. 
-0.5 
V to 20 V 


Output 
Voltage 
- 
Vo 
................•. 
-0.5 
V to 20 V 


Average 
Output 
Current 
- 
10 
25 mA 


Input 
Power 
Dissipation 
- 
PI 
........•...... 
90 mW[21 


Output 
Power 
Dissipation 
- 
Po 
210 mW[31 


Total 
Power 
Dissipation 
- 
P 
.........•..... 
255 mW[4j 


Electrical Specifications 


For O°C $ TA $ 70°C, 4.5 V $ Vcc $ 20 V, VE = 0.8 V, all typicals 
at TA = 25°C and Vcc = 5 V unless otherwise 
noted. 


See note 13. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Mark State Input Current 
IMI 
12 
mA 
1,2,3 


Mark State Input Voltage 
VMI 
2.52 
2.75 
Volts 
11=20 mA 
VE= Don't Care 
3,4 


Space State Input Current 
ISI 
3 
mA 
1,2,3 


Space State Input Voltage 
VSI 
1.6 
2.2 
Volts 
I, = 0.5 to 2.0 mA 
VE= Don't Care 
1,3 


Input Hysteresis Current 
IHYS 
0.3 
0.8 
mA 
1 


Logic Low Output Voltage 
VOL 
0.5 
Volts 
10L= 6.4 mA 14TTL Loads) Ii = 3 mA 
5 


Logic High Output Voltage 
VOH 
2.4 
Volts 
10H= -2.6 mA, 
11=12 mA 
6 


Output Leakage Current 
10HH 
100 
I'A 
Vo = 5.5 V 
II= 20 mA 


IVOUT> Vccl 
500 
I'A 
Vo= 20 V 
Vcc = 4.5 V 


Logic High Enable Voltage 
VEH 
2.0 
Volts 


Logic Low Enable Voltage 
VEL 
0.8 
Volts 


20 
I'A 
VE= 2.7 V 
Logic High Enable 
IEH 
100 
I'A 
VE= 5.5 V 
Current 


.004 
250 
I'A 
VE= 20 V 


Logic Low Enable Current 
IEL 
.{).32 
mA 
VE=O.4 V 


Logic Low Supply 
ICCL 
4.5 
6.0 
mA 
Vcc= 
5.5 V 
Ii = 0 mA 
Current 
5.25 
7.5 
mA 
Vcc=20V 
VE= Don't Care 


Logic High Supply 
ICCH 
2.7 
4.5 
mA 
Vcc = 5.5 V 
11=20 mA 
Current 
3.1 
6.0 
mA 
Vcc=20V 
VE= Don't Care 


10ZL 
-20 
I'A 
Vo = 0.4 V 
VE= 2.0 V, Ii = 20 mA 


High Impedance State 
20 
I'A 
Vo = 2.4 V 
Output Current 
10ZH 
VE= 2 V, 


100 
I'A 
Vo = 5.5 V 


500 
I'A 
Vo = 20 V 
11=0 mA 


Logic Low Short 
10SL 
25 
mA 
Vo = Vcc = 5.5 vT 
Circuit Output Current 
40 
mA 
Vo = Vcc = 20 VIII 
= 0 mA 
5 


Logic High Short 
10SH 
-10 
mA 
Vcc = 5.5 V 
11=20 mA 
5 
Circuit Output Current 
-25 
mA 
Vcc = 20 V 
I 
Vo= GND 


Input-Output 
Insulation 
Visa 
2500 
VRMS 
RH,; 50%, t = 1 min. 
6,14 
TA = 25°C 


Input-Output Resistance 
RI-O 
10'2 
ohms 
V'-O= 500 V de 
6 


Input-Output Capacitance 
CI-O 
1.0 
pF 
f = 1 MHz, V,-D= 0 V de 
6 


Input Capacitance 
CIN 
120 
pF 
f = 1 MHz, V, = 0 V dc, Pins 1 and 2 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay Time 


to Logic 
High Output 
tPLH 
0.23 
1.6 
J.lS 
VE = 0 V. CL = 15 pF 
7,8,9 
7 


Level 


Propagation 
Delay Time 


to Logic 
Low Output 
tPHL 
0.17 
1.0 
J.lS 
VE = 0 V, CL = 15 pF 
7, 8. 9 
8 
Level 


Propagation 
Delay 


tPLH-tPHL 
60 
ns 
Ii = 20 mA, CL = 15 pF 
7, 8, 9 
Time Skew 


Output 
Enable Time 


tPlL 
25 
Ii = 0 mA, CL = 15 pF 
11,12, 
to Logic 
Low Level 
ns 
14 


Output 
Enable Time 
tPlH 
28 
Ii = 20 mA, CL = 15 pF 
11,12, 
to Logic 
High Level 
ns 
13 


Output 
Disable Time 
tPLl 
60 
Ii = 0 mA, CL = 15 pF 
11.12, 


from 
Logic 
Low Level 
ns 
14 


Output 
Disable Time 
tPHl 
105 
Ii = 20 mA, CL = 15 pF 
11,12, 
from 
Logic 
High Level 
ns 
13 


Output 
Rise Time 


tr 
55 
ns 
Vcc = 5 V, CL = 15 pF 
7, 8, 10 
9 
(10-90%) 


Output 
Fall Time 
tf 
15 
ns 
Vcc =5 
V, CL= 
15 pF 
7,8,10 
10 
(90-10%1 


Common 
Mode 
VCM = 50 V (peak) 
Transient 
Immunity 
at 
ICMHI 
1,000 
10,000 
V/J.ls 
II = 12 mA, TA = 25°C 
15,16 
11 
Logic 
High Output 
Level 


Common 
Mode 
VCM = 50 V (peak) 


Transient 
Immunity 
at 
ICMLI 
1.000 
10,000 
V/J.ls 
Ii = 3 mA, TA = 25° C 
15,16 
12 
Logic 
Low Output 
Level 


NOTES: 


1. ,s 1 I's pulse width, 300 pps. 
2. Derate linearly above 70·C free air temperature at a rate of 1.6 mW/·C. 
Proper application 
of the derating factors will prevent IC 
junction 
temperatures from exceeding 125·C for ambient temperatures up to 85·C. 


3. Derate linearly above 70·C free air temperature at a rate of 3.8 mWfOC. 
4. Derate linearly above 70· C free air temperature at a rate of 4.6 mW/· C. 
5. Duration of output short circuit time shall not exceed 10 ms. 
6. The device is considered 
a two terminal device, pins 1, 2, 3, and 4 are connected 
together and pins 5, 6, 7, and 8 are connected 
together. 
7. The tpLHpropagation delay is measured from the 10 mA level on the leading edge of the input pulse to the 1.3 V level on the 


leading edge of the output pulse. 


8. The tpHLpropagation delay is measured from the 10 mA level on the trailing edge of the input pulse to the 1.3 V levei on the 
trailing edge of the output pulse. 


9. The rise time, tr' is measured from the 10%to the 90% level on the rising edge of the output logic pulse. 
10. The fall time, t" is measured from the 90% to the 10% level on the falling edge of the output logic pulse. 
11. Common mode transient immunity in the logic high level is the maximum (negative) dVcM/dt on the trailing edge of the common 


mode pulse, VCM'which can be sustained with the output voltage in the logic high state (i.e., Vo'" 2 V). 


12. Common mode transient immunity in the logic low level is the maximum (positive) dVcM/dt on the leading edge of the common 


mode pulse, VCM'which can be sustained with the output voltage in the logic low state (i.e., Va '" 0.8 V). 


13. Use of a 0.1 I'F bypass capacitor connected between pins 5 and 8 is recommended. 
14. In accordance 
wrth UL 1577. each optocoupler 
is proof tested by applying an insulation test vohage '" 3000 Vrm,for 1 second 
(leakage detection current limit, li.o$ 5 jlA). 


• 


4 
10 
3.0 


I" 
I~AXII 
0 
IMI1IMIN.1 
~ 
~ 
E 
~ 
3.0mA 
I 
"I'A 
I 


I , 
2.5 


'3 
/ 


I 
0 
3 
0 
l-- 
::::::: 


> 
> 
I 
~ 
-::: 


I 
TA "25 
C 


I 
Spo'" 
~ 
2.0 
- 
- 
- 
~ 
State 
IOH"-2.6 
jA 
6 
/ 
~ 


i--- 
;: 
::::::1 


~ 
2 
" 
::::: 
0 
- 
- 
0 


MA~' 
STATE. 


Z 
> 
1.5 I 
> 
- 
>+-1H'fS 
~ 
~ 
4 
IHYS 
0 
~ 
~ 
'3 
1.0 
- 
.- 


I 
0 
1 
~ 
5 
I 


IOL 
'" 
TA,I"25C 
2 
J 
6ArnA 
;; 
0.5 
VCf 
•• 4.5 V 
I: 


0 
0 
0 


0 
5 
10 
15 
20 
-50 
-25 
0 
25 
50 
75 
100 
0 
5 
10 
15 
20 
25 
30 


II -INPUT 
CURRENT 
- 
mA 
TA 
- 
AMBIENT 
TEMPERATURE 
_·C 
I, - 
lOOP 
CURRENT 
- 
mA 


Figure 1. 
Typical Oulpul Voltage 
Figure 2. 
Typical Currenl Swilching 
Figure 3. 
Typical Inpul Loop Voltage 


vs. Loop Currenl 
Threshold vs. Temperalure 
YS. Input 
Current 


2.' 
1 
I 
I 


0 


I 
L 
~ 
> 
0.' 
E 


I 
Vcc "'4.SV - 
I 
-1 
~C~1=2~~- 
w 
II "'3mA 
~ 
1\ 
~ 
" 
0.' 
10"6.4mA- 
Z 
~ 


w 
-2 
0 
'" 
Vo ":2.7V 
> 
0 
0.7 
'" 
I 
2.6 
> 
a 
-3 
~ 
II -20mA 
~ 0.6 
•.. 
\ 
~ 


:> 
~ 
::::- 


0.5 
~ 
-4 
0 


~ 


0 
0 
Vo .'2AV 
> 
II "12mA 
~ 0.4 
~ 
'- 
~ 
w 
-5 
0 
2.4 
~ 
~ 
'3 
0.3 
~ 
I 
" 
~ 
-6 


5 
'3 
0.2 
" 


..•..... 


I 
i 


I 
-7 
J 
0.1 
x9 
2.2 
0 
-, 
-50 
-25 
0 
25 
50 
75 
100 
-60 
-40 
-20 
0 
20 
40 
60 
'0 
100 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 


TA 
- 
AMBIENT 
TEMPERATURE 
_·C 
TA - 
TEMPERATURE 
- ~C 
TA 
- 
TEMPERATURE 
_·c 


Figure 4. 
Typicalinpul 
Vollage 
Figure 5. 
Typical Logic Low OUlpul 
Figure 6. 
Typical Logic High Oulpul 


Y5. Temperature 
Voltage vs.Temperalure 
Current ys. Temperature 


IMl:: 20mA --- 
/ 
\ 
5V 


" 


-, 
---------- 
lOmA 


PULSE 
~ 
Va 


151 = 0 mA ---l 
\ 
GENERATOR ------II 
1+ 
Vec }]-- 
61gn 


Zo = son 


----IT 
L 
Vo ~ 
{'A 
tr :tf:: 
5 ns 


1'1 "" 
IINC 
Ve }]-- 
0.1 pF 


~D2 
-f- 
1--', 
-1 -" 


121n 
CL 


..,; 
I! NC 
GND :n-- 


5. 
::s ~D3 
VOH-- 
90% --- 
., ------- 
T- 
---90% 
- 
::s ~D4 


Va 
--------- 
- 
---1.3V 


10%--- 
-------- 
- 
---10% 


-=- 
VOL 
"-- 


VIN = 5 VOLT, 
100 KHz 10% DUTY 
CYCLE 
CL = 15 pF INCLUDING 
PROBE 
~ 
_tPLH 
- 
_tPHL 
01 - 04 ARE lN916 
OR lN3064 
AND JIG CAPACITANCE 


Figure 7. 
Tesl Circuil for IpHL. IpLH. Ir• and If 
Figure 8. 
Waveforms for IpHL. IpLH. Ir• and If 


0.5 
120 
Jee• 
5 ~ 
Vcc" 
SV 


CL 
= 15 
pF 
. 
100 
~ 0.4 
, 
I 
> 
~ 
/ 
~ 
;:: 
80 
V 
0 
0.3 
~ 


Z 
,/"" 
:t 
0 
tPlH --- 


60 
;:: 
- 
V 
~. 
./ 


1, 
~" 
0.2 
<i' 
~ - 
--- 
I 
40 
- 


.-/ 


I 


tPHl 
- 
" 


0.1 
20 


1, 


0 
0 


-60 
-40 
-20 
0 
20 
40 
60 
80 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 


TA 
- 
TEMPERATURE 
- 
C 
TA - 
TEMPERATURE 
_ °C 


Figure 9. 
Typical Propagation Delay vs. Temperature 
Figure 10. Typical Rise, Fall Time vs. Temperature 


Cl 
•• 15 pF INCLUDING 
PROBE 
X+SV 
AND 
JIG 
CAPAC IT ANCE 


PULSE 
IIN 
Vcc 
, 
51 
~ 


3.0 V 


GENERATOR 


I'err HCPL-4200 }}_f 
INPUT 
-------- 
----1.3V 
Zo 
• sort 
Vo 


tr = tf" 
5 n$ 
1 
1+ 
Vec 
8 
619f2 


V, 
-- 
--DV 


rlIL 
vo~ 
I~ 
-'P2L- 
_'PL2_ 


1"1 
'l;702 
0.5 V 
S1 AND 
52 


II 
VE I}-- 


$1 CLOSED 
\ 
~ED 
NC 
Ct.=~ 
-'~. 
OUTPUT 
52 OPEN 
1.3 V 
L 
SKrt 
.::s~03 
Vo 


@: 
5' 
f ~ 


VOL 


0- 
NC 
GNO 
.::s~04 
INPUT 
Ve 
-'P2H- 


MONITORING 
-VOH 


NODE 
OUTPUT 
T 
~.,.5V 
Vo 
7 
1.3 V 
L;F 
ov 
0.5 V 
51 AND 
52 
51 OPEN 
-'PH2- 
CLOSED 
01-4 
ARE 
lNg'6 
OR lN3064 
~ 
52 CLOSED 


Figure 11. Test Circuit for tPZH. tPZL, tpHZ, and tpLZ 
Figure 12. Waveforms for tpZH, tpZL, fpHZ, and tpLZ 


200 
100 


CL .I'5PF 
-r-- 


~ 


Vee 
Vee 
, 


I 
> 
- 


~V 
> 
80 
20V 
~ 
150 
~ 
:f.sv 
0 
tPHZ 
0 
,/ 
z 
z 
0 
tPlZ 
;:: 
0 
60 
~ 
4.5V 
~ 
-7 
" 
100 
" 
~ 
;t 
- 
~ 
~ 


20V 
40 


~ 
~5V 
~ 
.-::::: 


'" 
20V 
~ 
~ 
50 
'" 
"Zl 
~ 
~ 
20 
~ 
I 
tPZH 
~5V 
I 
" 
l> 
0 
0 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 


fA, - 
TEMPERATURE 
_·C 
fA, - TEMPERATUAE _·c 
Figure 13. Typical Logic High Enable Propagation Delay 
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Figure 15. Test Circuit for Common Mode Transient 
Immunity 


Data transfer 
between 
equipment 
which 
employs 
current 
loop 
circuits 
can be accomplished 
via one of three 
con- 
figurations: 
simplex, 
half 
duplex 
or 
full 
duplex 
com- 
munication. 
With these configurations, 
point-to-point 
and 
multidrop 
arrangements 
are 
possible. 
The 
appropriate 
configuration 
to use depends 
upon 
data rate, number 
of 
stations, 
number 
and length of lines, direction 
of data flow, 
protocol, 
current 
source 
location 
and voltage 
compliance 


value, etc. 


SIMPLEX 
The simplex 
configuration, 
whether 
point to point or multi- 
drop, 
gives 
unidirectional 
data 
flow 
from 
transmitter 
to 


receiver(s). 
This 
is the 
simplest 
configuration 
for 
use in 


long line length 
(two wire), for high data rate, and low cur- 


rent source 
compliance 
level applications. 
Block diagrams 
of simplex 
point-to-point 
and multidrop 
arrangements 
are 
given 
in Figures 
16a and 16b respectively 
for the HCPL- 
4200 receiver optocoupler. 


For the highest 
data rate performance 
in a current 
loop, 


the configuration 
of a non-isolated 
active transmitter 
(con- 
taining 
current 
source) 
transmitting 
data 
to 
a 
remote 
isolated 
receiver(s) 
should 
be 
used. 
When 
the 
current 


source 
is 
located 
at 
the 
transmitter 
end, 
the 
loop 
is 
charged 
approximately 
to VMI (2.5 V). Alternatively, 
when 


the current 
source 
is located 
at the receiver 
end, the loop 


is charged 
to the full compliance 
voltage 
level. The lower 


the charged 
voltage 
level the faster the data rate will be. In 


the 
configurations 
of Figures 
16a and 
16b, data 
rate 
is 


independent 
of 
the 
current 
source 
voltage 
compliance 


level. 
An 
adequate 
compliance 
level 
of 
current 
source 


must be available for voltage drops across station(s) 
during 


the MARK 
state in multidrop 
applications 
or for long 
line 


length. 
The 
maximum 
compliance 
level is determined 
by 


the transmitter 
breakdown 
characteristic. 


A 
recommended 
non-isolated 
active 
transmitter 
circuit 


which 
can be used with 
the HCPL-4200 
in point-to-point 
or in multidrop 
20 mA current 
loop applications 
is given in 


Figure 
18. The current 
source 
is controlled 
via a standard 


TTL 7407 buffer to provide 
high output 
impedance 
of cur- 


rent 
source 
in 
both 
the 
ON 
and 
OFF 
states. 
This 


non-isolated 
active transmitter 
provides 
a nominal 
20 mA 


loop 
current 
for the 
listed 
values 
of Vcc, 
R2 and 
R3 in 


Figure 17. 


NON-ISOLATED 
STATION 
r------, 


20mA 
ISOLATED 
STATION 
r-----, 


NON-ISOLATED 


STATION 
r------, 


ZOmA- 


ISOLATED 
STATION 
r -----, 


ISOLATED! 


STATION 
I 


I 
I 
L 


-, 
ISOLATED 


I STATION 


(LOOP'" 20 
mA 


Vcc 
R2 
R3 
Vdc 
n 
JI 


5 
1K 82.5 
10 
2.15K 
237 
15 
3.16K 
383 
24 
5.62K 
681 


27 
6.19K 
750 


Length 
of current 
loop 
(one 
direction) 
versus 
minimum 


required 
DC supply voltage. Vcc, of the circuit 
in Figure 17 


is graphically 
illustrated 
in Figure 
18. Multidrop 
config- 


urations 
will require 
larger Vcc than 
Figure 
18 predicts 
in 


order 
to 
account 
for 
additional 
station 
terminal 
voltage 
drops. 


Typical 
data rate performance 
versus distance 
is illustrated 


in Figure 
19 for the combination 
of a non-isolated 
active 


transmitter 
and HCPL-4200 
optically 
coupled 
current 
loop 


receiver 
shown 
in Figure 
17. Curves 
are shown 
for 
10% 


and 25% distortion 
data 
rate. 10% (25%) distortion 
data 


rate is defined 
as that rate at which 
10% (25%) distortion 


occurs 
to 
output 
bit 
interval 
with 
respect 
to 
input 
bit 


interval. An input Non-Return-to-Zero 
INRZ) test waveform 


of 16 bits (0000001011111101) 
was used for data rate dis- 


tortion 
measurements. 
Data rate is independent 
of current 


source supply voltage, Vcc. 


The cable used contained 
five pairs of unshielded, 
twisted, 
22 AWG wire IDearborn 
#862205). Loop current 
is 20 mA 


nominal. 
Input 
and output 
logic 
supply 
voltages 
are 5 V 


de. 


FULL DUPLEX 


The full duplex 
point-to-point 
communication 
of Figure 20 
uses 
a four 
wire 
system 
to 
provide 
simultaneous. 
bi- 


directional 
data communication 
between 
local and remote 


Vcc • 0.00212 ~ILl 
+ 4.25 V 


RCA8LE 
·0.05296 
fl/m 


ILOOP 
·20 
mA 
VMARI( - 2.75 Vdc IHCPL-4200j 
VSAT • 1.5 Vdc (CURRENT SOURCE) 


~ 
24 
o> 
20 


I 


~ 
16 


12 


Figure 18. Minimum Required Supply Voltage. Vcc. vs. 


Loop Length for Current Loop Circuit of Figure 18 


equipment. 
The basic application 
uses two simplex 
point- 


to-point 
loops 
which 
have 
two 
separate, 
active, 
non- 


isolated 
units at one common 
end of the loops. The other 
end of each loop is isolated. 


As 
Figure 
20 illustrates. 
the 
combination 
of 
Hewlett- 


Packard 
current 
loop 
optocouplers, 
HCPL-4100 


transmitter 
and 
HCPL-4200 
receiver, 
can be used at the 


isolated 
end 
of 
current 
loops. 
Cross 
talk 
and 
common 
mode coupling 
are greatly 
reduced 
when optical 
isolation 
is implemented 
at the same end of both loops, as shown. 


The 
full 
duplex 
data 
rate is limited 
by the 
non-isolated 


active 
receiver 
current 
loop. 
Comments 
mentioned 
under 
simplex 
configuration 
apply 
to the full duplex 
case. Con- 


sult the HCPL-4100 
transmitter 
optocoupler 
data sheet for 


specified 
device performance. 


HALF DUPLEX 
The 
half duplex 
configuration, 
whether 
point-to-point 
or 


multidrop, 
gives non-simultaneous 
bidirectional 
data flow 


from 
transmitters 
to receivers 
shown 
in Figures 
21a and 


21b. This 
configuration 
allows 
the 
use of two 
wires 
to 


carry data back and forth 
between 
local and remote units. 


However, 
protocol 
must be used to determine 
which 
spe- 


cific 
transmitter 
can operate 
at any given time. 
Maximum 
data rate for a half duplex 
system 
is limited 
by the loop 


current 
charging 
time. 
These 
considerations 
were 
ex- 
plained 
in the Simplex 
configuration 
section. • 


--10% 
DISTORTION 
DATA RATE 


---25" 
DISTORTION 
DATA RATE 


NON-ISOLATED 
STATION 
,------, 
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Figure 20. Full Duplex Point-to-Point 
Current Loop 
System Configuration 


Figures 
21a and 21 b illustrate 
half duplex 
application 
for 
the 
combination 
of HCPL-4100/-4200 
optocouplers. 
The 


unique 
and 
complementary 
designs 
of the 
HCPL-4100 
transmitter 
and HCPL-4200 
receiver 
optocouplers 
provide 
many designed-in 
benefits. 
For example, 
total optical 
iso- 


lation 
at one 
end 
of the 
current 
loop 
is easily 
accom- 


plished, 
which 
results 
in substantial 
removal 
of common 


mode influences. 
elimination 
of ground 
potential 
differen- 
ces and reduction 
of power supply 
requirements. 
With this 


combination 
of 
HCPL-4100/-4200 
optocouplers, 
specific 


current 
loop 
noise 
immunity 
is provided. 
i.e., minimum 


SPACE state current 
noise immunity 
is 1 mA, MARK state 


noise immunity 
is 8 mA. 


Voltage 
compliance 
of the current 
source 
must be of an 


adequate 
level for operating 
all units in the loop while 
not 


exceeding 
27 V de. the maximum 
breakdown 
voltage 
for 


the HCPL-4100. 
Note that the HCPL-4100. transmitter 
will 
allow 
loop 
current 
to conduct 
when 
input 
Vcc 
power 
is 


off. Consult 
the HCPL-4100 
transmitter 
optocoupler 
data 


sheet for specified 
device performance. 


For 
more 
information 
about 
the 
HCPL-4100/-4200 
opto- 


couplers, 
consult 
Application 
Note 1018. 
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High CMRIsolation Amplifier 


Features 
• 15 kVl~ 
Common-Mode 
Rejection 
at VCM = 1000 V* 
• Compact, 
Auto-Insertable 
Standard 
8-pin DIP 
Package 
• 4.6 lJ.V/oCOffset Drift vs. 
Temperature 
• 0.9 mV Input 
Offset Voltage 


• 85 kHz Bandwidth 
• 0.1% Nonlinearity 
• Worldwide 
Safety 
Approval: 
UL 1577, 
VDE 0884 and CSA 


• Advanced 
Sigma-Delta 
(L~) 
AID Converter 
Technology 
• Fully Differential 
Circuit 
Topology 
• 1lJ.IDCMOS IC Technology 


Applications 
• Motor Phase 
Current 
Sensing 


• General 
Purpose 
Industrial 


Current 
Sensing 
• High-Voltage 
Power 
Source Voltage 
Monitoring 


*The terms 
common-mode 
rejection 


(CMR) and isolation-mode 
rejection 


(IMR) are used interchangeably 
throughout 
this data sheet. 


• Switch-Mode 
Power 
Supply 
Signal Isolation 
• General 
Purpose 
Analog 


Signal Isolation 
• Transducer 
Isolation 


Description 
The HCPL-7800 high CMR 
isolation amplifier provides a 
unique combination of features 
ideally suited for motor control 
circuit designers. The product 
provides the precision and 
stability needed to accurately 
monitor motor current in high- 
noise motor control environ- 
ments, providing for smoother 
control (less "torque ripple") in 
various types of motor control 
applications. 


This product paves the way for 
a smaller, lighter, easier to 
produce, high noise rejection, 
low cost solution to motor 
current sensing. The product 
can also be used for general 
analog signal isolation applica- 
tions requiring high accuracy, 
stability and linearity under 
similarly severe noise condi- 


HCPL·7800 
HCPL·7800A 
HCPL·7800B 


tions. For general applications, 
we recommend the HCPL-7800 
which exhibits a part-to-part 
gain tolerance of±5%. For 
precision applications, HP offers 
the HCPL-7800A and 
HCPL-7800B, each with part-to- 
part gain tolerances of ±1%. 


The HCPL-7800 utilizes sigma- 
delta (L~) analog-to-digital 
converter technology, chopper 
stabilized amplifiers, and a fully 
differential circuit topology 
fabricated using HP's IlJ.m 
standard-cell CMOS IC process. 
The part also couples our high- 
efficiency, high-speed AlGaAs 
LED to a high-speed, noise- 


CAUTION: The small device geometries inherent to the design of this CMOS component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and/or degradation which may be induced by 
ESD. 


• 


shielded 
detector 
using our 
patented 
"light-pipe" 
optocoup- 
ler packaging 
technology. 


Together, 
these features 
deliver 
unequaled 
isolation-mode 
noise 
rejection, 
as well as excellent 
offset and gain accuracy and 
stability 
over time and tempera- 
ture. All in a compact, auto- 
insertable, 
industry 
standard 
8-pin DIP package 
that meets 
worldwide 
regulatory 
safety 
standards 
(gull-wing surface 
mount option 1300 also 
available). 


Regulatory 
Information 
The HCPL-78oo has been 
approved by the following 
organizations: 
UL 
Approved under UL1577, 
component 
recognition 
FILE 
E55361 
VDE 
Approved according to VDE 
0884/08.87 


Can be used for safe electrical 
separation 
between 
AC mains 
and SELV (safety extra-low 
voltage) in equipment 
according 


to the following specifications: 


DIN VDE 0804/05.89 
DIN VDE 0160/05.88 


Reference 
voltage (VDE OllOb 
Tab 4): 650 Vac 


CSA 
Approved under CSA 22.2 No. 0- 
General 
Requirements, 
Canadian 
Electrical 
Code, Part 


II; and CSA Component 
Acceptance 
Notice 15, File CA 
88324. 


Description 
Symbol 
Characteristic 
Unit 


Installation 
classification 
per DIN VDE 0109/12.83, Table 1 
for rated mains voltage S300 VRMS 
I-IV 
for rated mains voltage S600 VRMS 
. 
I-III 


Climatic 
Classification 
40/85/21 


Pollution 
Degree (DIN VDE 0109/12.83)* 
2 


Maximum 
Working Insulation 
Voltage 
ViORM 
600 
VRMS 


Input to Output 
Test Voltage, Method b** 
VPR= 1.6 X VIORM,Production 
test with tp = 1 see, 
Partial 
discharge 
< 5 pC 
VPR 
960 
VRMS 


Input to Output 
Test Voltage, Method a** 
VPR= 1.2 X VIORM,Type and sample test, tp = 60 see, 
Partial 
discharge 
< 5 pC 
VPR 
720 
VRMS 


Highest 
Allowable Overvoltage** 
VTR 
6000 
VPEAK 


(Transient 
Overvoltage, 
~R = 10 see) 


Safety-limiting 
values (Maximum 
values allowed in the 
event of a failure, 
also see Figure 27) 
Case Temperature 
TSI 
175 
°C 
Input Power 
PSI,Input 
80 
mW 
Output 
Power 
PSI,Output 
250 
mW 


Insulation 
Resistance 
at TSI' VIO= 500 V 
Rls 
~lOEll 
Ohm 


"This 
part 
may also be used 
in Pollution 
Degree 
3 environments 
where 
the rated 
mains 
voltage 
is ~ 300 
VIlMA 
(per DIN VDE 0109112.83). 
"*Refer 
to the front of the optoa>upler 
section 
of the current 
Optoelectronics 
Designer's 
Catalog 
for a more detailed 


description 
ofVDE 
0884 and other 
product 
safety 
regulations. 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External air gap 
L (101) 
>7 
mm 
Measured from input terminals 
to 
(clearance) 
output terminals 


Min. External tracking path 
L (102) 
8.0 
mm 
Measured from input terminals 
to 


(creepage) 
output terminals 


Min. Internal 
plastic gap 
0.5 
mm 
Through insulation 
distance 
(clearance) 
conductor to conductor 


Tracking resistance 
CTI 
175 
Volts 
DIN IEC 112/VDE 0303 Part 1 


Isolation Group 
IlIa 
Material Group DIN VDE 0109 


(per DIN VDE 0109) 


Package Outline Drawings 


Standard 
DIP Package 


+ 
1 


I 
~ 
6.10 (0.240) 
6.60 (0.260) 


7.36 (0.290) 
I 


7.88 (0.310) 


~ 


PINONE 
1 


I I 
-..J 
~1.78 
(0.070) MAX. 
1.19 (0.047) MAX.----i 
t---- 


---, 


4.70 (0.165) MAX. 


~, 
(0.020) MIN. 


2.92 (0.115) 
MIN. 
~ 


l.- 0.65 (0.025) MAX. 


2.28 (0.090) 
2.80 (0.110) 


"TYPE NUMBER 
FOR: 
HCPL·7800 = 7800 
HCPL·7800A 
= 7800A 
HCPl·7800B 
= 78008 
• 


Ordering Information: 


HCPL-78oo 
xL 
No Specifier = ±5% Gain Tol.; Mean Gain Value = 8.00 
A = ±1% Gain Tol.; Mean Gain Value = 7.93 
B = ±1% Gain Tot; Mean Gain Value = 8.07 


Option yyyT 
300 = Gull Wing Surface Mount Lead Option 
500 = TapelReel 
Package 
Option (lk min.) 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Note 


Storage Temperature 
Ts 
-55 
125 
°C 


Ambient 
Operating 
Temperature 
TA 
-40 
100 
°C 


Supply Voltages 
VOOl>VOD2 
0 
5.5 
V 


Steady-State 
Input Voltage 
VIN+O\)N- 
-2.0 
VoD1+O.5 
V 


2 Second Transient 
Input Voltage 
-6.0 


Output 
Voltages 
VOUT+O 
VOUT_ 
-0.5 
VoD2+O.5 
V 


Lead Solder Temperature 
Tu; 
260 
°C 
1 
(l.6 mm below seating 
plane, 
10 sec.) 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Note 


Ambient 
Operating 
Temperature 
TA 
-40 
85 
°C 
2 


Supply Voltages 
VDOl>VDD2 
4.5 
5.5 
V 
3 


Input Voltage 
\)N+OV1N_ 
-200 
200 
mV 
4 


Output 
Current 
110 I 
1 
mA 
5 


DC Electrical 
Specifications 
All specifications 
and figures are at the nominal 
operating 
condition OfV1N+ = 0 V, VIN_ = 0 V, TA = 25°C, 
VDDl = 5.0 V, and VDD2 = 5.0 V, unless otherwise 
noted. 


Test 
Parameter 
Symbol 
MiD. 
Typ. 
Max. 
Unit 
Conditions 
Fig. 
Note 


Input 
Offset Voltage 
Vos 
-1.8 
-0.9 
0.0 
mV 
1 
Input 
Offset Drift vs. 
dVosidT 
-2.1 
JJ.V/oC 
1,2 
6 
Temperature 
Abs. Value oflnput 
IdVos/dTI 
4.6 
JJ.V/oC 
1 
7 
Offset Drift vs. Temperature 
Input 
Offset Drift vs. VDOl 
dVosldVDOl 
30 
JJ.VN 
1,3 
8 
Input 
Offset Drift vs. VDD2 
dVosldVDD2 
-40 
JJ.VN 
1,4 
9 
Gain (±5% Tol.) 
G 
7.61 
8.00 
8040 
-200 < V'N+< 200 mV 
1,5 
10 
Gain - A Version 
(±1 % Tol.) 
GA 
7.85 
7.93 
8.01 
Gain - B Version 
(±1% Tol.) 
~ 
7.99 
8.07 
8.15 
Gain Drift vs. Temperature 
dG/dT 
0.001 
%1°C 
5,6 
11 
Abs. Value of Gain Drift vs. 
IdG/dTI 
0.001 
%1°C 
5 
12 
Temperature 
Gain Drift vs. VDDl 
dG/dVDDl 
0.21 
%N 
5,7 
13 
Gain Drift vs. VDD2 
dG/dVDD2 
-0.06 
%N 
5,8 
14 
200 mV Nonlinearity 
N~oo 
0.2 
0.35 
% 
5,9 
15 
200 mV Nonlinearity 
Drift 
dN~ooIdT 
-0.001 
% ptsfOC 
5, 10 
16 
vs. Temperature 
200 mV Nonlinearity 
Drift 
~ooIdVDDl 
-0.005 
%ptsN 
5,11 
17 
vs. VDDl 
200 mV Nonlinearity 
Drift 
dN~ooIdVDD2 
-0.007 
%ptsN 
- 
5, 12 
18 
vs. VDD2 
100 mV Nonlinearity 
NL100 
0.1 
0.25 
% 
-100 <V1N+< 100mV 
5, 13 
19 
Maximum 
Input 
Voltage 
IV1N+1mal< 
300 
mV 
14 
Before Output 
Clipping 


Average 
Input 
Bias Current 
IIN 
-670 
nA 
15,16 
20 
Input 
Bias Current 
dIIN/dT 
3 
nAfOC 
Temperature 
Coefficient 
Average 
Input 
Resistance 
RIN 
530 
kn 
15 
20 
Input 
Resistance 
dRIN/dT 
0.38 
%1°C 
Temperature 
Coefficient 
Input 
DC Common-Mode 
CMRRIN 
72 
dB 
21 
Rejection 
Ratio 


Output 
Resistance 
Ro 
11 
n 
5 
Output 
Resistance 
dRddT 
0.6 
%1°C 
Temperature 
Coefficient 
Output 
Low Voltage 
VOL 
1.18 
V 
I\1N+1 =500mV 
14 
22 
Output 
High Voltage 
Vou 
3.61 
V 
Output 
Common-Mode 
VOCM 
2.20 
2.39 
2.60 
V 
-40°C < TA < 85°C 
14 
Voltage 
4.5 V < VDOl< 5.5 V 
Input 
Supply 
Current 
IDOl 
10.7 
13.5 
mA 
17 
23 
Output 
Supply 
Current 
IDD2 
11.6 
14.5 
mA 
V1N+= 200 mV, 
18 
24 


-40°C < TA < 85°C 
4.5 V <VDD2< 5.5 V 
Output 
Short-Circuit 
Ilose 1 
9.3 
mA 
VOUT - 0 V or VDD2 
25 
Current 


• 


ACElectrical Specifications 


All specifications 
and 
figures 
are 
at the 
nominal 
operating 
condition 
ofVIN+ = 0 V, VIN• = 0 V, TA = 25°0, 
VODl = 5.0 V, and 
VOD2 = 5.0 V, unless 
otherwise 
noted. 


Parameter 
Symbol 
MiD. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Note 


Rising Edge Isolation 
IMRR 
10 
25 
kV/l1s 
VIM= 1 kV 
19,20 
26 
Mode Rejection 


Falling 
Edge Isolation 
IMR)/ 
10 
15 
kV/l1s 
Mode Rejection 


Isolation 
Mode Rejection 
IMRR 
>140 
dB 
19 
27 
Ratio at 60 Hz 


Propagation 
Delay to 10% 
tpDlo 
2.0 
3.3 
I1s 
-40°C < TA < 85°C 
21,22 


Propagation 
Delay to 50% 
tpD60 
3.4 
5.6 
I1S 


Propagation 
Delay to 90% 
tpD90 
6.3 
9.9 
IJ.S 


RiselFall 
Time (10%-90%) 
tRll' 
4.3 
6.6 
118 


Bandwidth 
(-3 dB) 
f-3dB 
50 
85 
kHz 
23,24 


Bandwidth 
(_45°) 
f.45" 
35 
kHz 


RMS Input·Referred 
VN 
300 
I1Vrms 
Bandwidth 
= 100 kHz 
25,26 
28 
Noise 


Power Supply 
Rejection 
PSR 
5 
mVplti'k 
29 


Package Characteristics 


All specifications 
and 
figures 
are 
at the 
nominal 
operating 
condition 
ofVIN+ = 0 V, VIN. = 0 V, TA = 25°0, 


VODl = 5.0 V, and 
VOD2 = 5.0 V, unless 
otherwise 
noted. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test 
Conditions 
Fig. 
Note 


Input-Output 
Insulation 
VISO 
3750 
Vnn• 
t = 1 min., RH S 50% 
30,31 
Voltage 


Input-Output 
Resistance 
Ri-O 
1012 
1013 
n 
TA = 25°C 
I VI-O= 500 Vde 
30 


1011 
TA = 1000C I 


Input-Output 
CI-O 
0.7 
pF 
f= 1 MHz 
30 
Capacitance 


Input 
IC Junction-to- 
0jc:i 
96 
0C/W 
32 


Case Thermal 
Resistance 


Output 
IC Junction-to- 
OJ,,, 
114 
0c/w 
Case Thermal 
Resistance 


Case-to-Ambient 
°ea 
86 
0C/W 
Thermal 
Resistance 


Notes: 
General Note: Typical values represent 
the mean value of all characterization 
units at the nominal operating 
condi- 
tions. Typical drift specifications 
are 
determined 
by calculating 
the rate of 
change of the specified parameter 
versus the drift parameter 
(at nominal 
operating 
conditions) 
for each character- 
ization unit, and then averaging 
the 
individual 
unit rates. The corresponding 
drift figures are normalized 
to the 
nominal operating 
conditions 
and show 
how much drift occurs as the particular 
drift parameter 
is varied from its 
nominal value, with all other parame- 
ters held at their nominal 
operating 
values. Figures 
show the mean drift of 
all characterization 
units 
8S a group, as 
well as the ±2-sigma statistical 
limits. 
Note that the typical drift specifications 
in the tables below may differ from the 
slopes of the mean curves shown in the 
corresponding 
figures. 


1. lIP recommends 
the use of non- 
chlorine 
activated 
fluxes. 
2. The HCPL-7800 
will operate 
properly 
at ambient 
temperatures 
up to 100°C but may not meet 
published 
specifications 
under these 
conditions. 
3. DC performance 
can be best 
maintained 
by keeping VODIand 
VOD2as close as possible to 5 V. See 
application 
section for circuit 
recommendations. 


4. lIP recommends 
operation 
with VIN. 
= 0 V (tied to GND1). Limiting VIN• 
to 100 mV will improve DC 
nonlinearity 
and nonlinearity 
drift. 
IrVIN. is brought 
above BOO mV with 
respect to GND 1, an internal 
test 
mode may be activated. 
This test 
mode is not intended 
for customer 
use. 


5. Although, 
statistically, 
the average 
difference in the output 
resistance 
of 
pins 6 and 7 is near zero, the 
standard 
deviation 
of the difference 
is 1.3 Q due to normal process 
variations. 
Consequently, 
keeping 
the output 
current 
below 1 mA will 
ensure 
the best offset performance. 
6. Data sheet value is the average 
change in offset voltage versus 
temperature 
at TA = 25°C, with all 
other parameters 
held constant. 
This value is expressed 
as the 
change in offset voltage per °C 
change in temperature. 
7. Data sheet value is the average 
magnitude 
of the change in offset 
voltage versus 
temperature 
at 


TA = 25°C, with all other parameters 
held constant. 
This value is 
expressed 
as the change in magni- 


tude per °C change in temperature. 
8. Data sheet value is the average 
change in offset voltage versus input 
supply voltage at VODI= 5 V, with 
all other parameters 
held constant. 
This value is expressed 
as the 
change in offset voltage per volt 
change of the input supply voltage. 
9. Data sheet value is the average 
change in offset voltage 
versus 
output 
supply voltage at V002 = 5 V, 
with all other parameters 
held 
constant. 
This value is expressed 
as 
the change in offset voltage per volt 
change of the output 
supply voltage. 
10. Gain is defined as the slope of the 
best-fit line of differential 
output 
voltage (VOUT•- VOUTJversus 
differential 
input voltage (VIN. -VINJ 
over the specified input range. 


11. Data sheet value is the average 
change 
in gain versus temperature 
at TA = 25°C, with all other parame- 
ters held constant. 
This value is 
expressed 
as the percentage 
change 
in gain per °C change in 
temperature. 
12. Data sheet value is the average 
magnitude 
of the change in gain 
versus temperature 
at TA = 25°C, 
with all other parameters 
held 
constant. 
This value is expressed 
as 
the percentage 
change in magnitude 
per °C change in temperature. 
13. Data sheet value is the average 
change in gain versus input supply 
voltage at VODI= 5 V, with all other 
parameters 
held constant. 
This 
value is expressed 
as the percentage 
change in gain per volt change of the 
input supply voltage. 


14. Data sheet value is the average 
change in gain versus output 
supply 
voltage at V002 = 5 V, with all other 
parameters 
held constant. 
This 
value is expressed 
as the percentage 
change in gain per volt change of the 
output 
supply voltage. 
15. Nonlinearity 
is defined as the maxi- 
mum deviation of the output voltage 
from the best-fit gain line (see Note 
10), expressed 
as a percentage 
of the 
full-scale differential 
output voltage 
range. For example, 
an input range 
of ±2oo mV generates 
a full-scale 
differential 
output 
range of 3.2 V 
(±1.6 V); a maximum 
output 
deviation 
of 6.4 mV would therefore 
correspond 
to a nonlinearity 
of 0.2%. 
16. Data sheet value is the average 


change in nonlinearity 
versus tem- 
perature 
at TA = 25°C, with all other 
parameters 
held constant. 
This 
value is expressed 
as the number 
of 
percentage 
points that the non- 
linearity 
will change per °C change 
in temperature. 
For example, if the 
temperature 
is increased 
from 25°C 
to 35°C, the nonlinearity 
typically 
will decrease by 0.01 percentage 
points (10°C times -0.001 % ptsl"C) 
from 0.2% to 0.19%. 
17. Data sheet value is the average 
change in nonlinearity 
versus 
input 
supply voltage at VODI= 5 V, with 
all other parameters 
held constant. 
This value is expressed 
as the 
number 
of percentage 
points that 
the nonlinearity 
will change per volt 
change of the input supply voltage. 
18. Data sheet value is the average 
change 
in nonlinearity 
versus 
output 
supply voltage at V002 = 5 V, 
with all other parameters 
held 
constant. 
This value is expressed 
as 
the number 
of percentage 
points 
that the nonlinearity 
will change per 
volt change of the output 
supply 
voltage. 


19. NL100 is the nonlinearity 
specified 
over an input voltage 
range of 
±loo mY. 


20. Because of the switched-capacitor 
nature 
of the input sigma-delta 
converter, 
time-averaged 
values 
are 
shown. 


21. This parameter 
is defined aB the 
ratio of the differential 
signal gain 
(signal applied differentially 
between 
pins 2 and 3) to the 
common-mode 
gain (input pins tied 
together 
and the signal applied to 
both inputs 
at the same time), 
expressed 
in dB. 
22. When the differential 
input signal 
exceeds approximately 
300 mV, the 
outputs 
will limit at the typical 
values 
shown. 
23. The maximum 
specified input supply 
current 
occurs when the differential 
input voltage (VIN• - VINJ = 0 V. The 
input supply current 
decreases 
approximately 
1.3 mA per 1 V 
decrease 
in VODI. 


24. The maximum 
specified output 
su pply current 
occurs when the dif- 
ferential 
input voltage (VIN.- VINJ 
= 200 mY, the maximum 
recommended 
operating 
input 
voltage. However, 
the output 
supply 
current 
will continue 
to rise for 
differential 
input voltages up to 
approximately 
300 mV, beyond 


• 


which the output 
supply current 
remains 
constant. 


25. Short circuit current 
is the amount 
of output 
current 
generated 
when 
either 
output 
is shorted 
to VOD2 or 
ground. 
26. IMR (also known as CMR or 
Common Mode Rejection) 
specifies 
the minimum 
rate of rise of an 
isolation 
mode noise signal at which 
small output 
perturbations 
begin to 
appear. 
These output 
perturbations 
C"'l occur with both the rising and 
falling edges of the isolation-mode 
wave form and may be of either 
polarity. 
When the perturbations 
first appear, 
they occur only 
occasionally 
and with relatively 
small peak amplitudes 
(typically 
20- 
30 mV at the output 
of the recom- 
mended 
application 
circuit). As the 
magnitude 
of the isolation 
mode 
transients 
increase, 
the regularity 
and amplitude 
of the perturbations 
also increase. 
See applications 
section 
for more information. 
27. IMRR is defined as the ratio of 
differential 
signal gain (signal 


applied differentially 
between 
pins 2 
and 3) to the isolation 
mode gain 
(input 
pins tied to pin 4 and the 
signal applied between 
the input 
and the output 
of the isolation 
amplifier) 
at 60 Hz, expressed 
in dB. 
28. Output 
noise comes from two 
primary 
sources: chopper 
noise and 
sigma-delta 
quantization 
noise. 
Chopper 
noise results 
from chopper 
stabilization 
of the output 
op-amps. 
It occurs at a specific frequency 
(typically 
200 kHz at room tempera- 
ture), and is not attenuated 
by the 
internal 
output 
mter. A filter circuit 
can be easH.\' added to the external 
post-amplifier 
to reduce the total 
rms output 
noise. The internal 
output 
mter does eliminate 
most, 
but not all, of the sigma-delta 
quantization 
noise. The magnitude 
of the output 
quantization 
noise is 
very small at lower frequencies 
(below 10 kHz) and increases 
with 
increasing 
frequency. 
See applica- 
tions section 
for more information. 
29. Data sheet value is the differential 
amplitude 
of the transient 
at the 


output 
of the HCPL-7800 
when a 
1 Vpk-pk. 1 MHz square 
wave with 5 
ns rise and fall times is applied to 
both Vom and Vooz' 


30. This is a two·terminal 
measurement: 
pins 1-4 are shorted 
together 
and 
pins 5-8 are shorted 
together. 
31. In accordance 
with UL1577, 
for 
devices with minimum 
V,so specified 
at 3750 Vrm •• each optocoupler 
is 
proof-tested 
by applying 
an insula- 
tion test voltage greater-than-or- 
equal-to 
4500 Vrm• for one second 
(leak current 
detection 
limit, 
11-0 
< 5 ~). 
This test is performed 
before the method b, 100% 
production 
test for partial 
discharge 
shown in the VDE 0884 Insulation 
Characteristics 
Table. 


32. Thermal 
resistance 
values 
were 
measured 
on a 3"x3" printed 
circuit 
board in still air at room tempera- 
ture with the device in a socket. 
Case temperature 
was measured 
with a thermocouple 
located in the 
center of the underside 
of the 
package. 
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Figure 
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Offset 
Drift va. Temperature. 
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Figure 
12.200 mV Nonlinearity 
Drift va. VDD2 (VDDI • 6 V). 
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Figure 
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17. Typical Input 
Supply 
Current 
va. Input Voltage. 


Figure 
16. Typical Input 
Current 
va. 


Input 
Voltage. 


12.0 


'"E, 
>- 
~ 


11.5 
"" 
>~ 
11.0 
it" 
Ul 
>- 
~ 
10.5 
" 
0, 


_8 


Figure 
18. Typical 
Output 
Supply 
Current 
va. Input 
Voltage. 


n 


VO~~ 
n- 50 mV PERTURBATION 


(DEFINITION 
OF FAILURE) 


V 
~OV 


Figure 
21. Typieal 
Propagation 


Delays 
and RiselFall 
Time vs. 


Temperature. 
• 


4. 
'li 
- 
3 dB BANDWIDTH 
> 
, 
E 
-45 
DEGREEPHASE 
:z: 
, 


'li 
100 
BANDWIDTH 
44 
I- 
w 
C 
on 


l:J 


, 
3' 
0 
j!: 
C 
Z 
w 
C 
Z 
c 
a: 
.. 
lil 
3' 
90 
40 
.• 
w 
c 
w 
a: 
c 
a: 
z 
on 
$ 
, 
~ 
.. 
w 
if 
on 
~ 
.0 
36 
a: 
.. 
w 


"- 
if 
M 
W 
1? 
a: 
, 
, 


lil 
i!: 
•• 
~ 
70 
32 
c 
on 
~ 
~ 
, 
, 


60 
2. 
j 
.; 


-40 
-20 
20 
40 
60 
80 
100 
'50 
200 
250 


TA -TEMPERATURE-"C 
V1N - INPUT 
VOLTAGE 
- mV 


Figure 
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Figure 
23. Typical 
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and 
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Response 
VB. Frequency. 
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Figure 27. Dependence 
of Safety- 
Limiting Parameters 
on Ambient 


Temperature. 


Applications 
Information 
Functional 
Description 


Figure 28 shows the primary 
functional blocks of the 
HCPL-7800. In operation, the 
sigma-delta analog-to-digital 
converter converts the analog 
input signal into a high-speed 
serial bit stream, the time 
average of which is directly 
proportional to the input signal. 
This high speed stream of 
digital data is encoded and 


optically transmitted 
to the 
detector circuit. The detected 
signal is decoded and converted 
into accurate analog voltage 
levels, which are then filtered to 
produce the final output signal. 


To help maintain device 
accuracy over time and temper- 
ature, internal amplifiers are 
chopper-stabilized. Additionally, 
the encoder circuit eliminates 
the effects of pulse-width distor- 
tion of the optically transmitted 


data by generating 
one pulse for 


every edge (both rising and 
falling) of the converter data to 
be transmitted, 
essentially 


converting the widths of the 
sigma-delta output pulses into 
the positions ofthe encoder 
output pulses. A significant 
benefit ofthis coding scheme is 
that any non-ideal characteris- 
tics ofthe LED (such as non- 
linearity and drift over time and 
temperature) 
have little, if any, 


effect on the performance of the 
HCPL-7800. 


• 


Circuit Information 
The recommended application 
circuit is shown in Figure 26. A 
floating power supply (which in 
many applications could be the 
same supply that is used to 
drive the high-side power 
transistor) 
is regulated to 5 V 
using a simple three-terminal 
voltage regulator. The input of 
the HCPL-7800 is connected 
directly to the current sensing 
resistor. The differential output 
of the isolation amplifier is 
converted to a ground- 
referenced single-ended output 
voltage with a simple differen- 
tial amplifier circuit. Although 
the application circuit is 
relatively 
simple, 
a few 
general recommendations 
should be followed to ensure 
optimal performance. 


As shown in Figure 26, 0.1 fJ.F 
bypass capacitors should be 
located as close as possible to 
the input and output power 
supply pins ofthe HCPL-7800. 
Notice that pin 2 (VIN,) is 
bypassed with a 0.01 fJ.Fcapaci- 
tor to reduce input offset voltage 
that can be caused by the 
combination of long input leads 
and the switched-capacitor 
nature of the input circuit. 


With pin 3 (V1NJ tied directly to 
pin 4 (GND1), the power-supply 
return line also functions as the 
sense line for the negative side 
ofthe current-sensing 
resistor; 
this allows a single twisted pair 
of wire to connect the isolation 
amplifier to the sense resistor. 
In some applications, however, 
better performance may be 
obtained by connecting pins 2 
and 3 (\'IN, and VINJ directly 
across the sense resistor with 
twisted pair wire and using a 
separate wire for the power 


supply return line. Both input 
pins should be bypassed with 
0.01 fJ.Fcapacitors close to the 
isolation amplifier. In either 
case, it is recommended that 
twisted-pair 
wire be used to 
connect the isolation amplifier 
to the current-sensing 
resistor 
to minimize electro-magnetic 
interference 
of the sense signal. 


To obtain optimal CMR perfor- 
mance, the layout of the printed 
circuit board (PCB) should 
minimize any stray coupling by 
maintaining 
the maximum 
possible distance between the 
input and output sides of the 
circuit and ensuring that any 
ground plane on the PCB does 
not pass directly below the 
HCPL-7800. An example single- 
sided PCB layout for the 
recommended application 
circuit is shown in Figure 29. 
The trace pattern is shown in 
"X-ray" view as it would be seen 
from the top of the PCB; a 
mirror image of this layout can 
be used to generate a PCB. 


An inexpensive 78L05 three- 
terminal regulator is shown in 
the recommended application 
circuit. Because the perfor- 
mance of the isolation amplifier 
can be affected by changes in 
the power supply voltages, 
using regulators with tighter 
output voltage tolerances will 
result in better overall circuit 
performance. Many different 
regulators that provide tighter 
output voltage tolerances than 
the 78L05 can be used, 
including: TL780-05 (Texas 
Instruments), 
LM340LAZ-5.0 
and LP2950CZ-5.0 (National 
Semiconductor). 


The op-amp used in the external 
post-amplifier circuit should be 
of sufficiently high precision so 


that it does not contribute a 
significant amount of offset or 
offset drift relative to the 
contribution from the isolation 
amplifier. Generally, op-amps 
with bipolar input stages exhibit 
better offset performance than 
op-amps with JFET or MOSFET 
input stages. 


In addition, the op-amp should 
also have enough bandwidth 
and slew rate so that it does not 
adversely affect the response 
speed of the overall circuit. The 
post-amplifier circuit includes a 
pair of capacitors (C5 and C6) 
that form a single-pole low-pass 
filter; these capacitors allow the 
bandwidth of the post-amp to be 
adjusted independently 
of the 
gain and are useful for reducing 
the output noise from the isola- 
tion amplifier. Many different 
op-amps could be used in the 
circuit, including: MC34082A 
(Motorola), TL032A, TL052A, 
and TLC277 (Texas 
Instruments), 
LF412A (National 
Semiconductor). 


The gain-setting 
resistors in the 
post-amp should have a toler- 
ance of 1% or better to ensure 
adequate CMRR and adequate 
gain tolerance for the overall 
circuit. Resistor networks can 
be used that have much better 
ratio tolerances than can be 
achieved using discrete resis- 
tors. A resistor network also 
reduces the total number of 
components for the circuit as 
well as the required board 
space. 


The current-sensing 
resistor 
should have a relatively low 
value of resistance to minimize 
power dissipation, a fairly low 
inductance to accurately reflect 
high-frequency 
signal compo- 


nents, and a reasonably tight 
tolerance to maintain 
overall 
circuit accuracy. Although 
decreasing the value of the 
sense recistor decreases power 
dissipation, it also decreases the 
full-scale input voltage making 
iso-amp offset voltage effects 
more significant. These two 
conflicting considerations, 
therefore, must be weighed 
against each other in selecting 
an appropriate 
sense resistor for 
a particular 
application. To 
maintain 
circuit accuracy, it is 
recommended that the sense 
resistor and the isolation 
amplifier circuit be located as 
close as possible to one another. 
Although it is possible to buy 


current-sensing 
resistors from 
established vendors (e.g., the 
LVR-1, -3 and -5 resistors from 
Dale), it is also possible to make 
a sense resistor using a short 
piece of wire or even a trace on a 
PC board. 


Figures 30 and 31 illustrate 
the 
response of the overall isolation 
amplifier circuit shown in 
Figure 26. Figure 30 shows the 
response of the circuit to a ±200 
mV 20 kHz sine wave input and 
Figure 31 the response of the 
circuit to a ±200 mV 20 kHz 
square wave input. Both figures 
demonstrate 
the fast, well- 
behaved response of the 
HCPL-7800. 


Figure 32 shows how quickly 
the isolation amplifier recovers 
from an overdrive condition 
generated by a 2 kHz square 
wave swinging between 0 and 
500 mV (note that the time 
scale is different from the 
previous figures). The first wave 
form is the output of the appli- 
cation circuit with the filter 
capacitors removed to show the 
actual response of the isolation 
amplifier. The second wave form 
is the response of the same 
circuit with the capacitors 
installed. The recovery time and 
overshoot are relatively inde- 
pendent ofthe amplitude 
and 
polarity ofthe overdrive signal, 
as well as its duration. 


For more information, refer to 
Application Note 1059. 
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Power Bipolar Transistor 
Base Drive Optocoupler 


Features 
• High Output 
Current 


102 (2.0 A Peak, 0.6 A 
Continuous) 
101 (1.0 A Peak, 0.5 A 
Continuous) 


• Guaranteed 
High Common 
Mode Rejection 
(CMR): 
1.5 kVlJlS at VCM= 600 V 
• Wide Vcc Range (5.4 to 18 
Volts) 
• 2 JlS Propagation 
Delay 
• Recognized 
Under the 
Component 
Program 
of 
U.I...(File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltages of 5000 VAC, 
1 Minute 


1 
I 
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Applications 
• Isolated 
Bipolar Transistor 
Base Drive 
• AC and DC Motor Drives 
• General Purpose 
Industrial 
Inverters 
• Uninterruptable 
Power 
Supply 


Description 
The HCPL-3000 consists of a 
Silicon-doped GaAs LED 
optically coupled to an 
integrated 
circuit with a power 
output stage. This optocoupler 
is suited for driving power 
bipolar transistors 
and power 
Darlington devices used in 
motor control inverter applica- 
tions. The high peak and steady 


state current capabilities 
of the 
output stage allow for direct 
interfacing to the power device 
without the need for an inter- 
mediate amplifier stage. With a 
CMR rating of 1.5 kV/~s this 
optocoupler readily rejects 
transients 
found in inverter 
applications. 


The LED controls the state of 
the output stage. Transistor 
Q2 


in the output stage is on with 
the LED off, allowing the base 
ofthe power device to be held 
low. Turning on the LED turns 
off transistor 
Q2 and switches 
on transistor 
Q1 in the output 
stage which provides current to 
drive the base of a power bipolar 
device. 


THE USE OF A 0.1~ 
BYPASS CAPACITOR CONNECTED BETWEEN PINS 8 AND 7 IS 


RECOMMENDED. ALSO, CURRENT LIMITING RESISTORS ARE RECOMMENDED (SEE FIGURE 
1, NOTE 2, AND NOTE 7). 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the 
component's susceptibility 
to damage from electrostatic 
discharge (ESD). It is advised that normal 


static precautions 
be taken in handling and assembly of this component to prevent damage and/or 
degradation 
which may be induced by ESD. 


I 


0.65 (0.026) 
0.90 (0.0351 


1.05 (0.041) 
1.50 (0.059) 
--1 f-- -I f-- I 


6.00 (0.236) 
7.00 (0.276) 


0.50 


(0.020) 


TYP 
~ 
~ 


2.90 (0.114) 
3.90 (0.154) 
.-L- 


--1- 


3.00 (0.11.!) 
4.00 (0.157) 
.---L 


--i~ 


2.55 fO.l00) 
3.55 (0.140) 
----L 


I I 
0.40 (0.016) 
--j r- 
0.60 (0.024) 


O· 


~ 


0.16 (0.006) 
0.36 (0.014) 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External Air Gap 
WOl) 
6.0 
mm 
Measured from input terminals to output 


(clearance) 
terminals 


Min. External Tracking 
W02) 
6.0 
mm 
Measured from input terminals to output 


Path (Creepage) 
terminals 


Min. Internal Plastic 
0.15 
mm 
Through insulation distance conductor to 
Gap (Clearance) 
conductor 


Sym- 
Parameter 
bol 
Min. 
Max. 
Unit 
Conditions 
Fig. 
Note 


Storage Temperature 
Ts 
-55 
125 
°C 


Operating 
Temperature 
TA 
-20 
80 
°C 


Input 
Continuous 
Current 
IF 
25 
mA 
9 
1 


Reverse Voltage 
VR 
6 
V 
TA = 25°C 


Supply Voltage 
Vcc 
18 
V 


Output 
1 
Continuous 
Current 
101 
0.5 
A 
10,11 
1 


Peak Current 
1.0 
A 
Pulse Width < 5 Ils, 
1 
Duty cycle = 1% 


Voltage 
VOl 
18 
V 


Output 
2 
Continuous 
Current 
102 
0.6 
A 
10,11,12 
1 


Peak Current 
2.0 
A 
Pulse Width < 5 Ils, 
12 
1 
Duty cycle = 1% 


Output 
Power Dissipation 
Po 
500 
mW 
10 
1 


Total Power Dissipation 
PT 
550 
mW 
11 
1 


Lead Solder Temperature 
260°C for 10 s, 1.0 mm below seating 
plane 


Thermal Resistance 
Typical Output Ie Junction 
to 
Ambient: eJA * = 200°C/W 


·The value of 9JA was derived with the 
optocoupler 
suspended 
in free air. 


Demonstrated ESD 
Performance 
Human 
Body Model: MIL-STD- 
883 Method 3015.7: Class 2 
Machine Model: EIAJ IC-121- 
1988 (1988.3.28 Version 2), 
Test Method 20, Condition 
C: 1200 V 
• 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
5.4 
13 
Volts 


Input Current 
(ON) 
IF(oN) 
8* 
20 
mA 


Input Current 
(OFF) 
IF(oFF) 
- 
0.2 
mA 


Operating 
Temperature 
TA 
-20 
80 
°C 


Recommended 
Protection For Output 
Transistors 
During switching 
transitions, 
the output 
transistors 
Ql and 
Q2 ofthe 
HCPL-3000 
can con- 


duct large amounts 
of current. 
Figure 
1 describes 
a recom- 
mended 
circuit design showing 


. current 
limiting 
resistors 
Rl 
and R2 which are necessary 
in 
order to prevent 
damage to the 


output 
transistors 
Ql and Q2 
(see Note 7). A bypass capacitor 
Cl is also recommended 
to 
reduce power supply noise. 


--~~ 
_-lLL5J-lL"UJ-l 


3·PHA$E 
AC 


Electrical Specifications 
Over recommended 
temperature 
(TA = -20°C to +80°C) unless otherwise 
specified. 


Parameter 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Input Forward 
Voltage 
VF 
- 
1.1 
1.4 
V 
IF = 5 mA, TA = 25°C 
13 


0.6 
0.9 
- 
V 
IF = 0.2 mA, TA = 25°C 
Input Reverse Current 
IR 
- 
- 
10 
~ 
VR= 3 V, TA = 25°C 
Input Capacitance 
CIN 
- 
30 
250 
pF 
VF = 0 V, f = 1 kHz, 
TA = 25°C 
Output 
1 
Low Level 
V01L 
- 
0.2 
0.4 
V 
Vcc = 6 V, 101 = 0.4 A, 
2,16, 
2 
Voltage 
RL2= 10 n, IF = 5 mA 
17 
Leakage 
lOlL 
- 
- 
200 
~ 
Vcc = 13 V, IF = 0 
4 
Current 
Output 
2 
High Level 
V02H 
4.5 
5.0 
- 
V 
Vcc = 6 V, 102 = -0.4 A 
3,18, 
2 
Voltage 
IF = 5 mA 
19 
Low Level 
V02L 
- 
0.2 
0.4 
V 
Vcc = 6 V, 102 = 0.5 A, 
20, 
Voltage 
IF = 0 
21 
Leakage 
102L 
- 
- 
200 
~ 
Vcc = 13 V, IF = 5 mA 
5 
Current 
Supply 
High Level 
ICCH 
- 
9 
13 
mA 
TA = 25°C I 
22 
2 


Current 


- 
- 
17 
Vcc = 6 V, IF = 5 mA 
Low Level 
ICCL 
- 
11 
15 
mA 
TA = 25°C I 
23 


- 
- 
20 
Vcc = 6 V, IF = 0 
Low to High 
IFLH 
0.3 
1.5 
3.0 
mA 
TA = 25°cT 
Threshold 
Input 
6,14, 
3 
Current 
0.2 
- 
5.0 
mA 
Vcc = 6 V, RLI = 5 n, 
15 
RL2= 10n 
Input-Output 
V1SO 
5000 
VRMS 
RH = 40% to 60%, 
4,5 
Insulation 
t= 
1 MIN,TA 
= 25°C 
Resistance 
R1_0 
5x1010 
1011 
- 
n 
V1_0= 500 V, TA = 25°C, 
4 
(Input - Output) 
RH = 40%to 60% 


Capacitance 
CI-O 
- 
1.2 
- 
pF 
f= 1 MHz 
4 
(Input-Output) 


Parameter 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Propagation 
Delay 
tpLH 
- 
2 
5 
Ils 
Vcc = 6 V, IF = 5 mA, 
7, 
2,6 
Time to High Output 
RL1= 5 a, 
24, 
Level 
RL2= 10 a, TA = 25°C 
25 


Propagation 
Delay 
tpHL 
- 
2 
5 
Time to Low Output 
Level 


Rise Time 
tR 
- 
0.2 
1 


Fall Time 
tF 
- 
0.1 
1 


Output 
High Level 
ICMHI 
1500 
- 
- 
V/lls 
VCM = 600 V (peak), 
8 
2 
Common Mode 
IF = 5mA, RL1= 470 n, 
Transient 
Immunity 
RL2= 1 ka, ~V02H= 0.5 V, 
TA = 25°C 


Output 
Low Level 
ICMLI 
1500 
- 
- 
V/lls 
VCM = 600 V (peak), 
Common Mode 
IF = 0, RL1= 470 a, 
Transient 
Immunity 
RL2= 1 ka, ~V02L= 0.5 V, 
TA = 25°C 


Notes: 
1. Derate 
absolute 
maximum 
ratings 
with ambient 
temperatures 
as shown in Figures 
9, 10 and 11. 


2. A bypass capacitor 
of 0.01 !iF or more is needed near the device between 
Vcc and GND when measuring 
output 
and transfer 
characteristics. 


3. IFUI represents 
the forward current 
when the output 
goes from low to high. 
4. Device considered 
a two terminal 
device; pins 1-4 are shorted together 
and pins 5-8 are shorted together. 
5. For devices with minimum 
VISO specified at 5000 VRMS' in accordance with ULI577, 
each optocoupler 
is proof-tested 
by 
applying an insulation 
test voltage ~ 6000 VRMS for one second (leakage current 
detection limit, 11-0 ~ 200 !1A). 
6. The tpUi and tpHL propagation 
delays are measured 
from the 50% level of the input pulse to the 50% level of the output 
pulse. 
7. Rl sets the base current 
(101 in Figure 
1) supplied to the power bipolar device. R2limits 
the peak current 
seen by Q2 when the 
device is turning 
off. For more applications 
and circuit design 
infonnation 
see Application 
Note KJ>ower Transistor 
GatelBase 
Drive Optocouplers." 


Figure 
2. Test 
Circuit 
for Low Level 
Output 
Voltage 
VOIL' 


Figure 
3. Test Circuit 
for High 
Level 
Output 
Voltage 
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Figure 
9. LED Forward 
Current 
VB. Ambient 


Temperature. 
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Figure 
10. IC Output 
Power 


Dissipation 
vs. Ambient 


Temperature. 
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Figure 
13. Typical Forward 
Current 
vs. Forward 
Voltage. 
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Figure 
16. Typical Low Level 
Output 
1 Voltage vs. Output 
1 
Current. 
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Figure 
11. Total Power Dissipation 


vs. Ambient 
Temperature. 


TA = 2 
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Figure 
14. Normalized 
Low to High 
Threshold 
Input 
Current 
vs. Supply 
Voltage. 
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Figure 
17. Typical Low Level 


Output 
1Voltage vs. Ambient 
Temperature. 


Figure 
12. Typical Peak Output 
2 


Current 
vs. Output 
2 Voltage (Safe 


Operating 
Area Q2). 
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Figure 
15. Normalized 
Low to High 


Threshold 
Input 
Current 
vs. 


Ambient 
Temperature. 
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Figure 
18. Typical High Level 


Output 
2 Voltage vs. Output 
2 
Current. 
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Figure 19.Typical Bleh Level 
Output 2 Voltage VB. Ambient 
Temperature. 
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Figure 22. Typical Bleh Level 
Supply Current 
VB. Supply Voltage. 
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Fl&ure 25. Typical Propagation 
Delay Time va.Ambient 
Temperature. 
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Figure 20.Typical Low Level 
Output 2 Voltage VB. Output 2 
Current. 
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Fl&ure 23.Typical Low Level 
Supply Current 
VB. Supply Voltage. 
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Figure 21.Typical Low Level 
Output 2Voltage VB. Ambient 
Temperature. 
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Fl&ure 24. Typical Propagation 
Delay TIme va. Forward Current. 
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Power MOSFET/IGBT Gate 
Drive Optocouplers 


Features 
• High Output 
Current 
101 and 102 (0.4 A Peak, 0.1 A 
Continuous) 
• High Common Mode 
Rejection 
(CMR): 5 kV/~ 
atVcM = 600 V 
• Wide Operating 
Vcc Range 
(15 to 30 Volts) 
• High Speed 
Ills Propagation 
Delay 
(HCPL-3l00) 
0.3 llS Propagation 
Delay 
(HCPL-3l0l) 
• Recognized 
Under the 
Component 
Program 
of 
U.L. (File No. E5536l) for 
Dielectric 
Withstand 
Proof 
Test Voltages of 5000 VAC, 
1 Minute 


Applications 
• Isolated 
MOSFETIIGBT 
Gate Drive 
• AC and DC Motor Drives 
• General Purpose 
Industrial 
Inverters 
• Uninterruptable 
Power 
Supply 


Description 
The HCPL-3l00/3l0l 
consists of 
an LED* optically coupled to an 
integrated 
circuit with a power 
output stage. These optocouplers 
are suited for driving power 
MOSFETs and IGBTs used in 
motor control inverter applica- 
tions. The high operating voltage 
range of the output stage pro- 
vides the voltage drives required 
by gate controlled devices. The 
voltage and current supplied by 
these optocouplers allow for 
direct interfacing to the power 


HCPL·3100 
HCPL·3101 


device without the need for an 
intermediate 
amplifier stage. 


The HCPL-3l00 switches a 
3000 pF load in 2 llS and the 
HCPL-3l0l, 
using a higher 
speed LED, switches a 3000 pF 
load in 0.5 llS.With a CMR 
rating of 5 kV/lls typical these 
optocouplers readily reject 
transients 
found in inverter 
applications. 


The LED controls the state of 
the output stage. Transistor 
Q2 
in the output stage is on with 
the LED off, allowing the gate of 
the power device to be held low. 
Turning on the LED turns off 
transistor 
Q2 and switches on 
transistor 
Ql in the output 
stage which provides current 
and voltage to drive the gate of 
the power device. 


CAUTION: The small junction sizes inherent to the design ofthis bipolar component increase the 
component's susceptibility to damage from electrostatic discharge (ESD). It is advised that normal 
static precautions be taken in handling and assembly of this component to prevent damage and/or 
degradation 
which may be induced by ESD. 


I 


Thermal Resistance 
Typical Output IC Junction 
to 
Ambient: eJA *= 180°CIW 


'The 
value 
of 9JA was derived 
with the 
optocoupler 
suspended 
in free air. 


Demonstrated ESD 
Performance 
Human Body Model: MIL-STD- 
883 Method 3015.7: Class 2 
Machine Model: EIAJ IC-121- 
1988 (1988.3.28 Version 2), 
Test Method 20, Condition 
C: 1200 V 


Parameter 
Symbol 
Device 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
15 
30* 
Volts 


15 
24 
Volts 


Input Current (ON) 
IF(oN) 
HCPL-3100 
12** 
24 
mA 


HCPL-3101 
8** 
16 
mA 


Input Current (OFF) 
IF(oFF) 
HCPL-3100 
- 
0.6 
mA 


HCPL-3101 
- 
0.2 
mA 


Operating Temperature 
TA 
-25 
80 
°C 


'For TA = -10°C to 60°C. 
"The 
initial 
switching 
threshold 
is 10 mA or less for the HCPL-3100 
and 5 mA or less for the HCPL-3101. 


Recommended 
Protection For Output 
Transistors 
During switching transitions, 
the output transistors 
Q1 and 
Q2 ofthe HCPL-3100/3101 can 
conduct large amounts of 
current. Figure 1 describes a 
recommended 
circuit design 


ANOOE~ 


CATHOOE~ 
2 


showing a current limiting 
resistor R2 which is necessary 
in order to prevent damage to 
the output transistors 
Q1 and 
Q2. (See Note 7.)A bypass 
capacitor C1 is also recom- 
mended to reduce power supply 
noise. 


ANOOE~ 
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THE USE OF A 0.1 IlF BYPASS CAPACITOR 
CONNECTED 
BETWEEN 
PINS 8 AND 7 IS 


RECOMMENDED. 
ALSO CURRENT 
LIMITING 
RESISTOR 
IS RECOMMENDED 
(SEE FIGURE 1, 
AND NOTE 2 AND NOTE 7). 
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R2=25-1oon 
R3 = 180 n (HCPl-3100) 
240 n (HCPl-31 
01) 


Parameter 
Symbol 
Value 
Units 
Conditions 


Min. External Air Gap 
L(lOl) 
6.0 
mm 
Measured from input terminals 
to output 
(Clearance) 
terminals 


Min. External Tracking 
1..(102) 
6.0 
mm 
Measured from input terminals 
to output 
Path (Creepage) 
terminals 


Min. Internal 
Plastic 
0.15 
mm 
Through insulation 
distance conductor to 
Gap (Clearance) 
conductor 


Parameter 
Symbol 
Device 
Min. 
Max. 
Unit 
Conditions 
Fig. 
Note 


Storage Temperature 
Ts 
-55 
125 
·C 


Operating 
Temperature 
TA 
-25 
80 
·C 


Input 
Continuous 
IF 
HCPL-3100 
25 
mA 
11 
1 
Current 
HCPL-3101 
20 
mA 
11 
1 


Reverse 
Va 
6 
V 
TA = 25·C 
Voltage 


Supply Voltage 
Vcc 
35 
V 


Output 
1 
Continuous 
101 
0.1 
A 
1 
Current 


Peak Current 
0.4 
A 
Pulse Width < 0.15 lts, 
1 
Duty cycle = 1% 


Voltage 
VOl 
35 
V 


Output 
2 
Continuous 
Ioo 
0.1 
A 
1 
Current 


Peak Current 
0.4 
A 
Pulse Width < 0.15 lts, 
1 
Duty cycle = 1% 


Output 
Power Dissipation 
Po 
500 
mW 
12 
1 


Total Power Dissipation 
PT 
550 
mW 
12 
1 


Lead Solder Temperature 
260·C for 10 s, 1.0 mm below seating plane' 


Electrical Specifications 
Over recommended 
temperature 
(TA = ·25°C to +80°C) unless otherwise 
specified. 


Parameter 
Sym. 
Device 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Input 
Forward 
VF 
HCPL·31oo 
· 
1.2 
1.4 
V 
IF= 20mA 
TA= 25°C 
13 
Voltage 
0.6 
0.9 
- 
V 
IF= 0.2mA 


HCPL-3101 
- 
1.6 
1.75 
V 
IF= 10 mA 
14 


1.2 
1.5 
. 
V 
IF= 0.2mA 


Input 
Reverse 
IR 
HCPL-31oo 
· 
· 
10 
IlA 
VR= 4V 
TA= 25°C 
Current 
HCPL-3101 
VF= 5V 


Input 
Capacitance 
CIN 
- 
30 
250 
pF 
VF = Ov, f= 1 kHz, 
TA= 25°C 


Output 
1 
Low 
VOlL HCPL-31oo 
- 
0.2 
0.4 
V 
IF= 10mA 
VeCI = 12 V, 
2,17, 
2 
Level 
101= 0.1 A, 
18 
Voltage 
HCPL-3101 
IF= 5mA 
VeC2= -12V 


Leakage 
lolL 
- 
- 
500 
IlA 
Vee = VOl = 35 V, 
5 
Current 
IF = 0, TA = 25°C 


Output 
2 
High 
V02H HCPL·31oo 
18 
21 
. 
V 
IF = 10 mA 
Vcc= 24 V, 
3,19, 
2 
Level 
VOl =24 V, 
20 
Voltage 
HCPL-3101 
IF= 5mA 
100= ·0.1 A 


Low 
V02L 
· 
1.2 
2.0 
V 
Vee = 24 V, 100 = 0.1 A, 
4,21, 
Level 
IF = 0 
22 


Voltage 


Leakage 
IooL 
HCPL·31oo 
· 
· 
500 
IlA 
IF= 10mA 
Vcc= 35 V, 
6 
Current 
VOl =35V, 
HCPL-3101 
IF= 5mA 
TA= 25°C 


Supply 
High 
lceH 
HCPL-31oo 
· 
6 
10 
mA 
TA= 25°C 
7,23 
2 
Current 
Level 
· 
- 
14 
mA 
Vee = 24 V, IF = 10 mA 


HCPL-3101 
- 
6 
10 
mA 
TA= 25°C 
- 
· 
14 
mA 
Vee = 24 V, IF = 5 mA 


Low 
IccL 
· 
8 
13 
mA 
TA= 25°C 
Vee=24 
V 
7,24 
Level 
IF=OmA 
- 
- 
17 
mA 


Low to High 
IFLH 
HCPL-31oo 
1.0 
4.0 
7.0 
mA 
TA= 25°C 
8,15, 
2,3 
Threshold 
Input 
16 
0.6 
- 
10.0 
mA 
Vee= 24 V 


HCPL-3101 
0.3 
1.5 
3.0 
mA 
TA= 25°C 


0.2 
· 
5.0 
mA 
Vcc= 24 V 


Input-Output 
VlSO 
5000 
VRMS 
RH = 40% to 60%, 
4,5 
Insulation 
t = 1 MIN, TA = 25°C 


Resistance 
RJ.O 
5x1010 
1011 
- 
n 
VI-O= 500 V, TA = 25°C, 
4 


(Input 
- Output) 
RH = 40%to 60% 


Capacitance 
CJ.O 
· 
1.2 
- 
pF 
f= 1 MHz 
4 


(Input-Output) 


Parameter 
Sym. 
Device 
Min. 
Typ. 
Max. Units 
Test Conditions 
Fig. 
Note 


Propagation 
tpLH 
HCPL-3100 
- 
1 
2 
!Ls 
IF= 
10 mA 
Vcc=24 
V, 
9, 
2,6 
Delay 
Time 
to 
Ro=47n, 
25, 


High 
Output 
HCPL-3101 
- 
0.3 
0.5 
!Ls 
IF= 
5mA 
CG= 3000 
pF, 
26, 


Level 
TA = 25°C 
27 


Propagation 
tpHL 
HCPL-3100 
- 
1 
2 
!Ls 
IF= 
10 mA 
Delay 
Time 
to 
Low Output 
HCPL-3101 
- 
0.3 
0.5 
!Ls 
IF= 
5mA 
Level 


Rise 
Time 
tR 
HCPL-3100 
- 
0.2 
0.5 
!Ls 
IF = 10 mA 


HCPL-3101 
IF= 
5mA 


Fall 
Time 
tF 
HCPL-3100 
- 
0.2 
0.5 
!Ls 
IF = 10 mA 


HCPL-3101 
IF= 
5mA 


Output 
High 
ICMHI 
HCPL-3100 
1500 
5000 
- 
V/!Ls 
IF = 10 mA 
VCM= 
600 V 
10 
2 


Level 
Common 
(peak), 


Mode 
Transient 
HCPL-3101 
IF = 5mA 
Vcc= 
24 V 


Immunity 
tiV02H = t.V02L 


= 2.0 V, 


Output 
Low 
ICMLI 
1500 
5000 
- 
V/!Ls 
IF = 0 
TA = 25°C 
Level 
Common 
Mode 
Transient 


Immunity 


Notes: 
1. Derate 
absolute 
maximum 
ratings 
with ambient 
temperatures 
as shown in Figures 
11 and 12. 


2. A bypass 
capacitor 
of 0.01!JF 
or more is needed near the device between 
Vcc and GND when measuring 
output 
and transfer 
characteristics. 
3. IpLH represents 
the forward current 
when the output 
goes from low to high. 
4. Device considered 
a two terminal 
device; pins 1-4 are shorted 
together 
and pins 5-8 are shorted 
together. 
5. For devices with minimum 
Vrso specified at 5000 VRMs> in accordance 
with UL1577, each optocoupler 
is proof-tested 
by 


applying 
an insulation 
test voltage;" 
6000 VRMS for one second (leakage 
current 
detection 
limit, 1(.0'; 200 !LA). 
6. The tpLH and tpHL propagation 
delays are measured 
from the 50% level of the input pulse to the 50% level of the output 
pulse. 


7. R2 limits the Q1 and Q2 peak currents. 
For more applications 
and circuit design information 
see Application 
Note "Power 
Transistor 
GatelBase 
Drive Optocouplers." 


Figure 2. Test Circuit tor Low Level Output Voltace 
V01L' 


Figure 4. Test Circuit tor Low Level Output Voltace 
VOIL' 


Ficure 3. Test Circuit tor Bieb Level Output Voltaee 
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Figure 
14. Typical 
Forward 
Current 


va. Forward 
Voltage, 
HCPL.3101. 
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Figure 
17. Typical 
Low Level Out- 


put 1 Voltage 
va. Output 
1 Current. 
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Figure 
20. Typical 
High Level 


Output 
2 Voltage 
va. Ambient 


Temperaturea 


TA=t5°C 


Vcc= 24 V 


Figure 
15. Normalized 
Low to High 
Threahold 
Input 
Current 
va. Supply 
Voltage. 
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Figure 
18. Typical 
Low Level Out- 


put 1 Voltage 
va. Ambient 
Temperature. 
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Figure 
21. Typical 
Low Level 
Output 
2 Voltage 
va. Output 
2 
Current. 


Figure 
16. Normalized 
Low to High 
Threahold 
Input 
Current 
va. 


Ambient 
Temperature. 


TA= 25°C 


IF = 5 mA, HCPl·3101 
IF = 10 mA, HCPL-3100 
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Figure 
19. Typical 
High Level Out- 


put 2 Voltage 
va. Supply 
Voltage. 


Vcc=,24V 
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Figure 
22. Typical 
Low Level 


Output 
2 Voltage 
va. Ambient 


Temperature. 
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Figure 
23. Typical 
High Level 
Supply 
Current 
VB. Supply Voltage. 
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Figure 
26. Typical 
Propagation 
Delay Time 
V8. Forward 
Current, 


HCPL·31010 
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Figure 
24. Typical 
Low Level 
Supply 
Current 
VB. Supply Voltage. 
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Figure 
27. Typical 
Propagation 
Delay Time 
V8. Ambient 
Temperature. 
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Figure 
25. Typical 
Propagation 
Delay Time 
V8. Forward 
Current, 
HCPL·3100. 


FhOW 
HEWLETT 
~t'..• PACKARD 


Optoeoupler Option 
for 5000 Vae/1 Minute 
Requirement 


Technical Data 


Features 
• Special 
Construction 
and 
Testing 


• UL Recognition 
for 5000 
Vaell Minute 
Requirement 


(File No. E55361) 


Description 
Option 020 consists of special 
construction on a wide range of 
Hewlett-Packard 
plastic opto- 


couplers. After assembly, each 
unit is subjected to an equiva- 
lent electrical performance test 
to ensure its capability to 
withstand 5000 Vac input to 
output for one minute. This test 
is recognized by Underwriters 
Laboratory as proof that these 
components may be used in 
many high voltage applications. 


Applications 
Dielectric withstand voltage 
ratings are required by 
Underwriters 
Laboratory when 


components are used in certain 
types of electronic equipment. 
The voltage rating depends on 
the type of electronic equipment 


and the specific application 
within the equipment. The 5000 
Vacl1 Minute dielectric 
withstand voltage rating 
provided by Option 020 offers 
excellent high voltage input to 
output protection. Some 
applicable UL documents are 
listed below. 


HPXXXX 


020 


YVWW9J 


UL Spec 
Number 
Specification 
Title 


114 
Appliance and Business Equipment 


347 
High Voltage Industrial Control Equipment 


508 
Industrial Control Equipment 
544 
Medical and Dental Equipment 


773 
Plug-in, Locking Type Photocontrols 
916 
Standard for Energy Management Equipment 


1012 
Power Supplies 
1244 
Electrical and Electronic Measuring and 
Testing Equipment 
1410 
Television and Video Products 


1950 
Information Technology Equipment Including 
Electrical Business Equipment 


Specifications 
All specifications 
for opto- 


couplers remain 
unchanged 
when this option is ordered. 
The 
5000 YAC/1 Minute 
capability 
is validated 
by a factory 6200 
YAC/1 Second dielectric 
voltage 
withstand 
test. 


Ordering Information 
To obtain this high voltage 
capability 
on plastic opto- 
couplers order the standard 
part number 
and Option 020. 


6N135 
HCPL-2601 
Option 020 
Option 020 


This option is currently 
available 
on the following 
plastic optocouplers. 


6N13516 
6N137 
6N13819 
HCPL-2601l11 
HCPL-4562 
HCPL-4502l3 
HCPL-2530/1, 
-4534 (pending) 
HCPL-2630/1, 
-4661 (pending) 
HCPL-2730/1 
(pending) 


Contact your local HP Sales 
Representative 
concerning 
availability 
of this option for 
optocouplers 
not listed. 


r//;. HEWLETT 
~I'~ 
PACKARD 


Gull Wing Surface Mount 
Option for Optocouplers 
and 
Solid State Relays 


Technical Data 


Description 
Option 300 is available on most 
optocouplers and solid state 
relays. It consists of standard 
dual-in-line and 400 mil VDE 
approved package devices with 
gull wing leads. The lead profile 
is designed to be compatible 
with standard 
surface mount 


processes. 


Option 300 enables electronic 
component assemblers 
to 


include Hewlett-Packard 
optocouplers and solid state 
relays on a PCB that utilizes 
surface mount processes. These 
options do not require "through 
holes" in a PCB. This reduces 
board costs, while potentially 
increasing assembly rates and 
component density per board. 
For the maximum solder reflow 
thermal profile, refer to 
Figure 4. 


Ordering Information 
To obtain optocouplers and solid 
state relays with gull wing 
leads, order the standard 
part 


number and Option 
300. 


Example: 


HCPL-2630 
Option 300 


PAD LOCATION 
(FOR REFERENCE 
ONLY) 
1----------------------, 
~ 
I-- 
0.040 (0.00161 
I 
I I 
0.047(0.00191 
: 


o 
c:::J c:::J 0 
I 


0.190 
I 


(0.0076) 
I 
rot 
: 


----f--'--:cO.380tO.Ol0 
: 


(0.0152 
± 0.00(4)1 


o 
c:::J c:::J 0 ~ 
: 
-I 
I-- 
: 


0.047 (0.00191 
0.015 (0.0006) I 


L 
~!~~~~ 
~~~~~~ 


1.19 


(0.047) 
MAll. 


2.540 
(0.1001 
sse 


DIMENSIONS 
IN mm (IN.) 


TOLERANCES: 
xx.xx = 0.01 
xx.xxx = 0.005 
(unte •• otherwise 
Ipeellledj 


Option 300 is shipped in tubes, 
with 50 units per tube. To 
obtain optocouplers and solid 
state relays with gull wing leads 
shipped in tape and reel, order 
Option 500[1]instead of 
Option 300. 


(O~~ 
; ~:~~O) 
~ 
r(0 
7 
;:; 
~:~~O) 
11-----.. 
O.255±O.075 
~0±0.003) 


-t -1 I-- 
0.635 
± 0.25 
~ 


(0.025 
± 0.010) 


0.51 ±O.l30 


(0.020 
± 0.005) 
• 


I-- •.••,....--j 
I 
r 
(0.38O:t 0.010), 
I 
10 


1.35 :1:0.25 
(..250'[ 0 


DIMENSIONS 
IN mm (IN.) 
TOLERANCES: 
XX.lUl::ll: 0.01 
••. xxx 
:= 0.001 
(unless 
olherwlse 
specified) 


(~~Il-+=-----, 


tt:b:D:u:rt~f,MAX 


1.75% •. 1. j Li 
' 
, 


(0.070 
± 0.006) 
~ 


2.540 
(•• 100) 
sse 


DIMENSIONS 
IN mm (IN.) 
TOLERANCES: 
lOC.:O: = 0.01 
xx.x •• 
:= 0.005 
(unleu 
otherwise 
specified) 


PAD LOCATION 
(FOR REFERENCE 
ONLY) 
,----------------------, 


ODD 
: 


0.190 
I 


(•. 0076) 
I 


TYP. 
I 
I 


0.380 ± 0.010 
I 


~ 


( 
, 
) : 


DDD~ 
: 
I I--- 
I 
-0.;7 (0.00191 
0.015(0.0006)l 


L __ ~~mJ~~~ 
~~~~~~ 


PAD lOCATION 
(FOR REFERENCE 
ONLY) 
i--Cj-Ej-t5-t5---------i 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
12.3:1:0.30 
I 
! 
0 
I (•.•••'t 
12 
) 
i 


: 
DDDD~ 
i 
I ----ri-= 
T 
I 
I 
--.LL 
L ..--QL 


L_-.<..~~) 
~~03.!~ 
: 


12.3 :to.3D 
(0.484 t 0.012) 


10.50 ± 0.15 
0.413 
± 0.006 


I 
I 
I 
~ 
'\. 
I 
I 
I 
I 
I 
" 


.o.T = 145°C, 
l°C/SEC 


6T = 115°C, O.3°ClSEC 
-7" 


'\. 


• 


.-/ 
" 
"/" 
I'\. 


P/ 
.•. 


,AT 


/11---"' 
= l00'C. 
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.-1 
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I 


Figure 
4. Maximum 
Solder 
Reflow 
Thermal 
Prome,l71 
(Note: 
Use 
of non-chlorine 
activated 
fluxes 
is recommended.) 


Notes: 
1. Tape 
and Reel Option 
500 can aloo be 
obtained 
for small 
outline 
SOIC-B 
optooouplers. 
2. Lead coplanarity 
specification 
is valid 
for part 
numbers: 
6NI3516t7I819, 
HCPL-22001O 
1102111112119131/32, 
HCPL-2300, 
HCPL-24oo/1lI30, 
HCPL-2502I3O/31, 
HCPL-2601I02l1ll 
12130131, 
HCPL-37oo/60, 
HCPL-41oo, 
HCPL-4200, 
HCPL-4502I03l34/62, 
and HCPL-4661. 


3. Guaranteed 
lead coplanarity 
is 6 mila 
for the following 
part 
numbers: 
HCPL-71oo/1, 
HCPL-7601Ill 
and 
HCPL-7BOOnSooAnBOOB. 


4. Lead coplanarity 
specification 
is valid 
for part 
numbers 
4N4516. 


5. Guaranteed 
lead coplanarity 
is 6 mils 
for HSSR-8060 
and HSSR-8400. 
6. Lead coplanarity 
specification 
is valid 
for part 
numbers: 
CNWI35161819, 
CNW4502l3, 
and CNW4562. 
7. Aloo valid for standard 
through 
hole 
DIP product. 
S. Lead coplanarity 
defmition: 
The 
maximum 
distance 
between 
the 
lowest 
and the highest 
pin when the 
package 
rests 
on a perfectly 
flat 
surface. 
• 


_~ 
(h~~i~.zi~6 


Tape and Reel Packaging 
Option for Optocouplers and 
Solid State Relays 


Description 
Option 500 is available on most 
optocouplers and solid-state 
relays. It consists of devices with 
gull wing leads, shipped in a 
tape and reel. The following 
package styles and their corre- 
sponding tape and reel are 
available. 


Style A: Small outline optocoup- 
lers with the SOIC-8 footprint, 
which are supplied in 12 mm 
wide tape on 33 cm diameter 
reels with 1500 units per reel. 


Style B: 8-pin gull wing opto- 
couplers and solid-state relays 
which are supplied in 16 mm 
wide tape on 33 cm diameter 
------ 
reels with 1000 units per reel. 


The above tape and reels 
conform to the EIA standard 
RS 481 Rev. A specifications. 


Ordering Information 
To obtain this tape and reel 
option for optocouplers and 
solid-state relays, order the 
standard 
part number with 
Option 500. All Option 500 
units are supplied with the gull 
wing leads. Hence, there is no 
need to order Gull Wing Option 
300 along with Option 500. 


Example: 


HCPL-2601 
Option 500 


The minimum order quantities 
are 1500 for Style A, and 1000 
for Style B. 


~ 


~ 


5.842 ± 0.203 
r 
(0.236 ± 0.008) 


3.937±O.127 
U 
1015500 


PIN 1 
2 
0.381"0.Q760~ i+- 
(0.016 ± 0.0031 
--, 
r-(~:~~~) 
BSG 


5.080 ± 0.005 :1 
(0.200 ± 0.005) 
\1 


V450X 
0.432 
7'6/' 
10.0171 


1.524 


[lD.0601 
1 0.228 ± 0.025 
/ 
fJ IT 10.00'''0.0011 
LEAD COPLANARITY 
= 
0.051 
k- 0.406 
(o.OoZI 
(0.016) MIN 


O.152±O.051 
(0.006 ± 0.002) 


9.40 (0.3701 


9.90 (0.390) I 


7 
6 r!ll---r 


6.10 (0.240) 


6.60 (0.260) 
~ 


~l5 


•.4013701 ~~ 
9.90(0.390) 
NOMINAL 


I~ 


I 
~381\0.0151 
L889 (0.0351 
lj.,.10.047IMAX. 


-l.~MAX. 


4.70 (0.185) MAX. 


---' 
~ 


' , 2.l.lo.~0)----l 


2.80 (0.110) 


0.76 (0.030) 


1.40(0.055) 
DIMENSIONSIN MILLIMETRESAND(INCHES). 


I 
> 
USER 
DIRECTION 
OF FEED 


Size (mm) 


Style A 
Style B 
Item 
Symbol 
(SOIe-8) 
(8-pin Gull Wing) 


Cavity 
Length 
Ao 
6.30 ± 0.10 
10.30± 0.10 
Width 
Bo 
5.35 ± 0.10 
10.30 ± 0.10 
Depth 
Ko 
3.50 ± 0.10 
4.90± 0.10 
Pitch 
P 
8.00 ± 0.10 
12.00 ± 0.10 
Bottom Hole Diameter 
D1 
1.50 min. 
1.50 min. 


Component Rotation in 
15° max. 
15° max. 


Cavity (See Fig. 1) 


Perforation 
Diameter of Sprocket Holes 
D 
1.55 ± 0.05 
1.55 ± 0.05 
Pitch 
Po 
4.00 ± 0.10 
4.00 ± 0.10 
Position 
E 
1.75 ± 0.10 
1.75 ± 0.10 


Cover Tape 
Width 
C 
9.05 ± 0.10 
13.05 ± 0.10 
Tape Thickness 
Tt 
0.065 ± 0.01 
0.065 ± 0.01 


Carrier Tape 
Width 
W 
12.00 ± 0.30 
16.00 ± 0.30 
Thickness 
t 
0.30 ± 0.05 
0.30 ± 0.05 


Distance Between 
Cavity to Perforation 
F 
5.50 ± 0.05 
7.50 ± 0.10 
Centerline 
(Width Direction) 
Cavity to Perforation 
P2 
2.00 ± 0.05 
2.00 ± 0.10 


(Length Direction) 


Notes: 
1. Drawing 
is not to scale. 


-I 
)-_J 


liT 


Size (mm) 


Style A 
Style B 


Item 
Symbol 
(SOle-8) 
(8-pin Gull Wing) 


Flange 
Diameter 
A 
330 + 0.0 
330 + 0.0 


- 0.2 
- 0.2 


Thickness (see note 2) 
t 
2.00 
2.00 


Internal Width 
G 
12.4 + 2.0 
16.4 + 2.0 


- 0.0 
- 0.0 


External Width 
T 
16.4 + 2.0 
20.4 + 2.0 


- 0.0 
- 0.0 


Hub 
Outer Diameter 
N 
178.0 ± 0.1 
100.0 ± 0.1 


Spindle Hole Diameter 
C 
13.0 ± 0.2 
13.0 ± 0.2 


Key Slit 
Width 
B 
1.9±0.4 
1.9 ± 0.4 


Diameter 
D 
21.0 + 1.0 
21.0 + 1.0 


- 0.0 
- 0.0 


Notes: 
1. Drawing 
is not to scale. 
2. Typical 
value 
only. 
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SEALED 
COVER 
TAPE 


SEALED 
COVER 
TAPE 
WITH 
1500 
COMPONENTS 


Size (mm) 


Style A 
Style B 
Item 


c 
(Sme-S) 
(S-pin Gull Wing) 


Leader 
Unsealed Cover Tape 
24 (3 pockets) 
24 (2 pockets) 
Sealed Cover Tape with Empty Cavities 
504 (63 pockets) 
480 (40 pockets) 


Trailer 
Unsealed Cover Tape 
40 (5 pockets) 
24 (2 pockets) 


Sealed Cover Tape with Empty Cavities 
304 (38 pockets) 
240 (20 pockets) 


Materials 
A. Carrier Tape: 


Material: Carbon coating on both sides of polyvinyl chloride sheet. 
Color: Black 
Tensile strength: 530 Kgf/cm2 
Resistivity: Rs = 106 Q/cm2 
Rv = 1011 Q/cm3 


B. Cover Tape: 


Material: Cohesive failure type consisting of olephine-type resin. Static dissipative agent treated. 
Color: Transparent 
Tensile strength: 500 Kgf/cm2 
Peel-off strength: 40 ± 30 g 
Resistivity: Rs = 1011 Q/cm2 


C. Reel: 


Material: Plastic 


60 V/0.7 Q, 
General Purpose, 1 Form A, 
Solid State Relay 


Features 
• Compact 
Solid-State 
Bidirectional 
Switch 
• Normally-Off 
Single-Pole 
Relay 
Function 
(l Form A) 
• 60 V Output 
Withstand 
Voltage 
in Both Polarities 
• 0.75/1.5 Amp Current 
Ratings 
(See Schematic 
for 
Connections 
A & B) 
• Low Input 
Current; 
CMOS 
Compatibili 
ty 
• Very Low On-resistance: 
0.4 n Typical 
@ 25°C 
• aeldc Signal & Power 
Switching 
• Input-to-Output 
Insulation 
Voltage: 
2500 Vac, 1 Minute 
• 16-kV ESD Immunity: 
Mll..- 
STD-883, Method 
3015 
• IEEE Surge 
Withstand 
Capability 
(IEEE STD 472- 
1974) 
• CSA Approved 
• UL 508 Approved 


Applications 
• Programmable 
Logic 
Controllers 
• Telecommunication 
Switching 
Equipment 
• Reed Relay 
Replacement 
• 28 Vdc, 24 Vac, 48 Vdc Load 
Driver 
• Industrial 
Relay 
Coil 
Driver 


Description 
The HSSR-S060 consists of a 
high-voltage circuit, optically 
coupled with a light emitting 
diode (LED). This device is a 
solid-state replacement 
for 
single-pole, normally-open 
(l Form A) electromechanical 
relays used for general purpose 
switching of signals and low- 
power loads. The relay turns on 
(contact closes) with a minimum 
input current, IF, of 5 mA 
through the input LED. The 
relay turns off (contact opens) 
with an input voltage, VF,of 
O.S V or less. The detector 
contains a high speed photosen- 
sitive FET driver circuit and 
two high voltage MOSFETs. 


This relay's logic level input con- 
trol and very low typical output 
on-resistance 
ofOA n makes it 
suitable for both ac and dc 
loads. Connection A, as shown 
in the schematic, allows the 
relay to switch either ac or dc 
loads. Connection B, with the 
polarity and pin configuration 
as indicated in the schematic, 
allows the relay to switch dc 
loads only. The advantage 
of 
Connection B is that the on- 
resistance 
is significantly 
reduced, and the output current 
capability increases by a factor 
of two. 


The electrical and switching 
characteristics 
of the 
HSSR-S060 are specified from 
-40°C to +S5°C. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current (ON) 
IF(oN) 
5 
20 
mA 


Input Voltage (OFF) 
VF(OFF) 
0 
O.S 
Volt 


Operating Temperature 
TA 
-40 
+S5 
°C 


Output Voltage 


Connection A 
VO(OFF) 
-55 
55 
Volt 


Connection B 
VO(OFF) 
0 
55 
Volt 


NOTE: At the time of printing 
this data sheet, HSSR·8200 
(200 V/160 OJ and HSSR-8400 
(400 V/lO 0) solid state 
relays were also available. For the most current list of solid state relays and options, you may contact your nearest 
Hewlett·Packard 
representative. 
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Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
- TA 
•••••••••.•••••••••••••••.•••••••••••••• 
-40°C to +85°C 
Case Temperature 
- Tc 
+105°C[l] 
Junction 
Temperature 
- TJ 
+125°C 
Lead Solder Temperature 
260°C for 10 s 


(1.6 mm below seating plane) 
Average Input Current 
- IF 
20 mA 
Repetitive 
Peak Input Current 
- IF 
.40 mA 


(Pulse Width 
$; 1 ms; duty cycle $; 50%) 


Transient 
Peak Input Current 
- IF 
100 mA 
(Pulse Width $; 200 llS; duty cycle $; 1%) 


Reverse Input Voltage - VR •..•...........••••••••.••.•••.•••..•..•••.•..•••......•...•. 
3 V 
Input Power Dissipation 
.40 mW 
Output 
Voltage (TA = 25°C) 
Connection 
A - Vo 
-60 to +60 V 
Connection 
B - Vo 
0 to +60 V 
Average Output 
Current 
- Figure 2 


(TA = 25°C, Tc $; 70°C) 
Connection 
A - 10 
0.75 A 
Connection 
B - 10 
1.50 A 
Single Shot Peak Output 
Current 


(100 ms pulse width, TA = 25°C, IF = 10 mA) 
Connection 
A - 10 
3.75 A 
Connection 
B - 10 
7.0 A 
Output 
Power Dissipation 
750 mW[2] 


Thermal Resistance 
Typical Output 
MOSFET Junction 
to Case - 9JC = 55°CfW 


Demonstrated ESD Performance 
Human 
Body Model: MIL-STD-883 
Method 3015.7 -16 
kV 
Machine Model: EIAJ IC-121-1988 
(1988.3.28 Version 2), Test 


Method 20, Condition 
C - 1200 V 


Surge Withstand Capability 
IEEE STD 472-1974 


CAUTION: 
Maximum 
Switching Frequency - Care should be taken during repetitive switching of loads so as not 


to exceed the maximum 
output current, maximum output power dissipation, maximum 
case temperature and 


maximum junction temperature. 


Electrical Specifications 
For -40°C:!>TA:!>+85°C unless otherwise 
specified. All Typicals at TA = 25°C. 


Connec- 
Parameter 
tion 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Notes 


Output 
Withstand 
A 
IVO(OFFjI 60 
V 
VF= 0.8 V, 10 = 250 ~ 
4 
Voltage 
TA = 25°C 


55 
VF= 0.8 V, 10 = 250 lJA 


Output 
A 
~ON) 
0.4 
0.7 
0 
IF = 10 mA, 10 = 750 mA 
5,6 
3 
On-Resistance 
(pulse duration 
S 30 ms), 
B 
0.1 
0.2 
TA = 25°C 


A 
1.6 
IF = 10 mA, 10 = 750 mA 
(pulse duration 
S 30 ms), 
B 
0.4 


Output 
Leakage 
A 
1000FF) 
10-' 
1.0 
lJA 
VF= 0.8 V, Vo = 60 V, 
12 
Current 
TA = 25°C 


Output 
A 
CO(OFF) 
135 
pF 
VF = 0.8 V, Vo = 25 V, 
13 
Off-Capacitance 
f= 1 MHz 


Output 
Offset 
A 
IVosl 
1 
ILV 
IF = 5 mA, 10 = 0 mA 
17 
4 
Voltage 


Input 
Rev. 
VR 
3 
V 
IR = 100 lJA 
Breakdown 
Voltage 


Input 
Diode Tem- 
tNF!liTA 
-1.3 
mVfOC IF= 10 mA 
perature 
Coefficient 


Input 
Forward 
VF 
1.3 
1.6 
1.85 
V 
IF = 10 mA ,TA = 25°C 
14 
Voltage 


Input 
Capacitance 
C1N 
72 
pF 
VF=OV,f=lMHz 


Input-Output 
Viso 
2500 
VRMS 
RH S 50%, t = 1 min, 
5,6 
Insulation 
Voltage 
TA = 25°C 


Input-Output 
Cw 
1.0 
pF 
Vi.o = 0 V, f = 1 MHz 
5 
Capacitance 


Input-Output 
Rw 
100 
GO 
Vi.o = 500 Vdc, t = 1 min, 
5 
Resistance 
RH=45% 
• 


Switching Specifications 


For -40°C :5TA:5 +85°C with Connection 
A, unless 
otherwise 
specified. 
All Typicals 
at TA = 25°C. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Figure 
Notes 


Turn On Time 
tON 
0.93 
1.4 
ms 
IF = 10 mA, Voo = 60 V, 
1,7, 
7 
10= 750 mA, TA = 25°C 
8,9 


1.8 
ms 
IF = 10 mA, Voo = 55 V, 
10= 
750mA 


Turn 
Off Time 
toFF 
0.013 
0.1 
ms 
IF = 10 mA, Voo = 60 V, 
1,7, 
10 = 750 mA, TA = 25°C 
10,11 


0.1 
ms 
IF = 10 mA, Voo = 55 V, 
10= 750mA 


Output 
Transient 
IdVo/dtl 
1000 
Vllls 
V(peak)= 60 V, 
15 
Rejection 
RM ~ 1 MO, CM = 1000 pF, 
TA = 25°C 


Input-Output 
IdVl-O/dtl 
2500 
Vllls 
Voo = 5 V, Vi.o (peak)= 1000 V, 
16 
Transient 
RL = 1 kn, CL = 25 pF, 
Rejection 
TA= 25°C 


~ 


9.40 (O.370)~ 
9.90 (0.390) 


6 
5 
4 
1 
TYPE NUMBER 


DATE CODE 
7.36 (0.290) 


7M:r 
3101 


PIN/ 


e 
1 
ONE 
DOT 


3 


~1.78 
(0.70)MAX. 


Notes: 
1. The case temperature, 
Tel is meas- 
ured 
at the center 
of the bottom 
of the 
package. 
2. For derating, 
see Figure 
3. The output 
power Po derating 
curve 
is obtained 
when the part 
is handling 
the 
maximum 
average 
output 
current 
10 
as shown 
in Figure 
2. 


3. During 
the pulsed 
RoN measurement 
(Io duration" 
30 ms), ambient 
(TA) 
and case temperature 
(Te) are equal. 


r 
6.10 (0.240) 


6.60 (0.260)L 


~--"1 


0.18 (0.007) 


0.33 (0.013) 


1 I, 
2 
3 


• 
~F - 
N.C. 


4. Vos is a function 
ofIF, 
and is defined 
between 
pins 4 and 6, with pin 4 as 
the reference. 
Vos must 
be measured 
in a stable 
ambient 
(free of tempera. 
ture 
gradients). 
5. Device considered 
a two terminal 
device: pins 
I, 2, and 3 shorted 
together 
and pins 4, 5, and 6 shorted 
together. 


6. This is a proof test. 
These 
parts 
are 
100% tested 
in production 
at 3000 
Vrms, 
one second. 


7. For a faster 
turn-on 
time, 
the optional 


peaking 
circuit 
shown 
in Figure 
1 
may be implemented. 
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CONNECTION 
- A 
IF= lOmA 


__ 
DCA = 40 elW 


--- 
0c.•.= l00~CIW 


Figure 2A. Maximum Average 
Output 
Current 
Rating 
V6. Ambient 


Temperature. 


HSSR-8060 
,r-------'~6--~--------- 
,! ~Ln 
oS 


R1 
~ R3 
: 
~ 


330n~' 
14 
---L...- 3¢N.C. 
___~~~F"'------_.A 


Rl = REQUIRED 
CURRENT 
LIMITING 
RESISTOR 
FOR IF(ON)= 10 mA. 


R2 = PULL-UP 
RESISTOR 
FOR Vf\Off) 
< 800 mY; If (Ycc - VOH) < 800 mY, OMIT R2. 


A3, C = OPTIONAL 
PEAKING 
CIRCUIT. 


TYPICAL 
VALUES 


R, 
If(l't<) 
HSSR·8060 


(OJ 
(mA) 
tON (ms) 


10 (no pk) 
0.93 


330 
20 
0.53 


'00 
40 
0.32 
33 
'00 
0.17 


Figure 2B. Maximum Average 
Output 
Current 
Rating 
V6. Case 
Temperature. 
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Figure 5. Normalized Typical 
Output Resistance vs. Temperature. 


PULSE GENERATOR 
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Figure 4. Normalized Typical 
Output Withstand Voltage v•• 
Temperature. 
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Figure 8.Typical Turn On Time V8. 
Temperature. 
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Figure 11.Typical Turn OffTime V8. 
Input Current. 


'0' 
.. 
I 
>- 
'0' 
z 
W 
II: 
II: 
::>0 
10-3 
C 
II:~ 
II: 
,a- 
~ 
>-~ 


O!: 
'0' 
I 


,a- 


0.8 
2.0 


Figure 14.Typical Input Forward 
Current 
V8. Input Forward Voltage. 
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Figure 9.Typical Turn On Time V8. 
Input Current. 
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Figure 10.Typical Turn OffTime V8. 
Temperature. 
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Figure 12.Typical Output Leakage 
Current 
V8. Temperature. 
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Figure 13.Typical Output 
Capacitance vs. Output Voltage. • 
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Figure 
16. Input-Output 
Transient 
Rejection 
Test Circuit. 
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Applications 
Information 
Thermal Model 
The steady state thermal model 
for the HSSR-8060 is shown in 
Figure 18. The thermal resis- 
tance values given in this model 
can be used to calculate the 
temperatures 
at each node for a 
given operating condition. The 
thermal resistances 
between the 
LED and other internal 
nodes 
are very large in comparison 
with the other terms and are 
omitted for simplicity. The com- 
ponents do, however, interact 
indirectly through SCA'the case- 
to-ambient 
thermal resistance. 
All heat generated 
flows 
through SCA'which raises the 
case temperature 
Tc accord- 
ingly. The value ofSCAdepends 
on the conditions of the board 
design and is, therefore, deter- 
mined by the designer. 


The typical value for each out- 
put MOSFET junction-to-case 
thermal resistance 
is specified 
as 55°C/W. This is the thermal 
resistance 
from one MOSFET 
junction to the case when power 
is dissipated 
equally in the 
MOSFETs. The power dissipa- 
tion in the FET Driver is 
negligible in comparison to the 
MOSFETs. 


150 
58 
58 


Tc 


·c. 


Tje = LED JUNCTION 
TEMPERATURE 
Tjll = FET 1 JUNCTION 
TEMPERATURE 
TIn = FET 2 JUNCTION 
TEMPERATURE 
T1d= FET DRIVER JUNCTION 
TEMPERATURE 
Tc = CASE TEMPERATURE 
(MEASURED 
AT 
CENTER OF PACKAGE 
BOTTOM) 
T A = AMBIENT TEMPERATURE 
(MEASURED 
6" AWAY FROM THE PACKAGE) 
9CA = CASE· T().AMBIENT 
THERMAL 
RESISTANCE 


ALL THERMAL 
RESISTANCE 
VALUES ARE IN °CfW. 


On-Resistance 
and Derating 
Curves 
The output on-resistance, 
RoN, 
specified in this data sheet, is 
the resistance 
measured 
across 
the output contact when a 
pulsed current signal (10 = 750 
mA) is applied to the output 
pins. The use of a pulsed signal 
($ 30 ms) implies that each 
junction temperature 
is equal to 
the ambient and case tempera- 
tures. The steady-state 
resist- 
ance, Rss, on the other hand, is 
the value of the resistance 
measured 
across the output 
contact when a DC current sig- 
nal is applied to the output pins 


for a duration 
sufficient to reach 
thermal 
equilibrium. 
Rss 
includes the effects of the tem- 
perature 
rise of each element in 
the thermal model. 


Derating curves are shown in 
Figures 2 and 3. Figure 2 sped- 
, fies the maximum average 
output current allowable for a 
given ambient or case tempera- 
ture. Figure 3 specifies the out- 
put power dissipation 
allowable 
for a given case temperature. 
Above a case temperature 
of 
70°C, the maximum allowable 
output current and power dissi- 
pation are related by the expres- 
sion Rss = Po(max)/(10(max)2 
from which Rss can be 
calculated. 
Staying within the 
safe area assures that the 
steady state junction 
temperatures 
remain less than 
125°C. As an example, for a case 
temperature 
of 80°C, Figure 3 
shows that the output power 
dissipation 
should be limited to 
less than 0.5 watts. A check 
with Figure 2B shows that the 
output current 
should be limited 
to less than 640 mA. This yields 
an Rss of 1.2 il. 
• 


Turn On Time 
Variation 
For applications which are 
sensitive to turn on time, the 
designer should refer to Figures 
19 and 20. These figures show 
that although there is very little 
variation in toN within most of 


the population, a portion of the 
distribution will vary with use. 
The optional peaking circuit 
shown in Figure 1 can be used 
to reduce the total turn on time 
and,consequently, 
any 
associated variation. 
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200-Volt/160-0hm, 
1 Form A 


Small-Signal 
Solid State Relay 


Features 
• Compact Solid-State 
Bi- 
Directional 
Signal Switch 


• Normally-Off Single-Pole 
Relay Function 
(l Form A) 
• Very High Output Off- 
Impedance: 
10,000 


Gigaohms Typical at 25°C 
• Very Low Output Offset 


Voltage: < 0.5 J.N 
• 200-Volt Output Withstand 
Voltage 
• High-Transient 
Immunity: 
> 2000 V/J.lS 
• Monolithic High-Voltage IC 
• Operating 
Range: -40°C to 


+85C 
• Very Low Input Current 


(l mA);CMOS 
Compatibility 
• High-Speed 
Switching: 50 
J.lSTypical 
• 160-0hm Maximum On- 
Resistance 
at 25°C 
• Surface Mount Option 
• 8-kVESD Immunity: 
MIL- 


STD-883 Method 3015 
• Input-to-Output 
Insulation 


Voltage: 2500 Vac, 1 Minute 
• UL Certification 
Pending 


Applications 
• Relay Scanners & Analog 
Input Modules of Data 
Acquisition 
Systems 
• Analog Input Modules of 
Programmable 
Logic 
Controllers 
• Relay Multiplexers 
of 
High-Performance 
Voltmeters 
• Telecommunication 
Test 
Instruments 
• Functional 
Tester of Board 
Test Equipment 
• Analog Signal Multiplexer 
• Flying Capacitor 
Multiplexer 
• Reed Relay Replacement 


Outline Drawing 


~9.401.370J~ 
I 
9.90 (,390) 
I B 
5 
TYPE 
NUMBER 


-DATE 
CODE 


Description 
The HSSR-8200 consists of a 
high-voltage integrated 
circuit 


optically coupled with a light 
emitting diode. This device is a 
solid-state replacement for 
single-pole, normally-open 
electromechanical relays used 
for general purpose switching of 
analog signals. 


The light-emitting 
diode 


controls the ON/OFF function of 
the solid-state relay. The 
detector contains high voltage 
MOS transistors 
and a high 


speed photosensitive drive 
circuit. This relay has superior 
OFF impedance, very low 
output offset voltage and input 
drive current. 


0.18 (.007) 


7.37 (.290) 
0.33 (013) \ 


7.87 (.310) 
~ 
10:1 
6.10 (.240) 
~L 
5T 
7 


• 


The electrical 
and switching 
characteristics 
ofthe 
HSSR- 
8200 are specified from -40°C to 
+85°C. The low IF allows 
compatibility 
with TTL, LSTTL, 
and CMOS logic resulting 
in low 
power consumption 
compared 
to 
other solid state and mechanical 
relays. 
T 
T 
II 


Description 
Symbol 
Min. 
Max. 
Units 


Input Current 
(ON) 
IFIONl 
1 
5 
mA 


Input Voltage (OFF) 
VFIOFFl 
0 
0.6 
Volt 


Operating 
Temperature 
TA 
-40 
+85 
°C 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to 125°C 
Operating 
Temperature 
-40°C to +85°C 
Lead Solder Temperature 
215°C for 30 s; Reflow Solder 
260°C for 5 s; Wave Solder 
Average Input Current 
- IF 
10 mA 
Repetitive 
Peak Input Current 
- If' 
20 mA; 50% Duty Cycle 
Transient 
Peak Input Current 
- IF 
100 mA; 


(~ Ills pulse width; 1 kHz Pulse Repetition 
Rate) 
Reverse Input Voltage 
5 V 
Average Output 
Current 
- 10 
.40 mNI) 
Input-Output 
Insulation 
Voltage 
2500 VAC(6) 


Output 
Power Dissipation 
320 mW12] 
Output 
Voltage - Vo 
-200 V to 200 V 
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R1 - REQUIRED 
CURRENT-LIMITING 
RESISTOR 
FOR IF (ON) = 1 mA 


R2 - PULl·UP 
RESISTOR 
FOR VF (OFF) < 600 mY; 


IF jVcc - VOH) c 600 mY, OMIT R2 


R3, C - OPTIONAL 
PEAKING 
CIRCUIT 


FOR IF (PKJ = 5 mA, tON < 200 ~s 


EQUIVALENT 


RELAY 


DIAGRAM 


Electrical Specifications 
-40°C :!>TA :!>+85°C, 1 mA:!>J.,(ONl:!>5 mA, 0 V :!>VF(OFFl:!>0.6 V, and all Typicals at TA = 25°C unless 
. 


otherwise 
specified. 


Parameter 
Sym. 
. Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Notes 


Output 
Withstand 
IV()(OFFll 200 
245 
V 
10 = 11JA 
5 
Voltage 


70 
125 
160 
TA = 25°C, 
10 = 1 MA 


Output 
On-Resistance 
R(ONl 
40 
125 
250 
0 
10 = 1 MA 
2,3, 


4 
30 
100 
200 
10 = 40 mA 


Output 
On-Current 
II()(ONll 
40 
mA 
Vo:!>8V, 
1 
Rating 
TA:!> 40°C 


Output 
Off-Resistance 
R(OFFl 
50 
10,000 
GO 
Vo = 200V 
5 
6 


Output 
Off-Leakage 
I()(OFFl 
0.02 
4.0 
nA 
Vo = 200 V 
5 
Current 


Output 
C(OFFl 
4.5 
pF 
Vo=OV, 
6 
Off-Capacitance 
f= 1 MHz 


-0.2 
10 = 0 A; IF = 1 mA 
Output 
Offset 
V()(OSl Note 
Note 
l1V 
7,16, 
3 
Voltage 
3 
-1.3 
3 
10 = 0 A; IF = 5 mA 
17 


Input Reverse 
VR 
3 
10 
V 
IR= 10 IJA 
Breakdown 
Voltage 


Input Diode 
dV/dT 
-1.75 
mV/ 
IF = 1 mA 
Temperature 
Coefficient 
°C 


Input Forward 
VF 
1.5 
2.0 
V 
IF = 5 mA 
8 
Voltage 


Input Capacitance 
CIN 
21 
pF 
VF=OV; 
f= 1 MHz 


RH = 45%, 
Input-Output 
VISO 
2500 
VRMS t = 1 min; 
4, 5 
Insulation 
TA = 25°C 


VI-Q= 0 V; 
Input-Output 
CI-Q 
0.6 
1.0 
pF 
f= 1 MHz; 
4 
Capacitance 
TA = 25°C 


Input-Output 
VI-Q= 500 VDC; 
RI-Q 
100 
100,000 
GO 
t = 1 min; 
4 
Resistance 
RH=45% 
• 


Switching Specifications 
--40°C :;;TA 
:;; +85°C, 1 mA:;; IF(ON):;;5 mA, 0 V:;; VF(OFF):;;0.6 V, and all Typicals 
at TA ,= 25°C unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Notes 


50 
200 
IF = 5 mA 
Turn On Time 
tON 
f.!S 
Vo = 50V 
9,10, 
300 
1500 
IF = 1 mA 
11,12 


45 
250 
IF=5mA 
Turn Off Time 
tOFF 
f.!s 
Vo = 50V 
9,10, 


75 
350 
IF=lmA 
11,12 


~7000 
6.Vo= 200 V 
Output 
Transient 
dVo/dt 
V/f.!s 
TA = 25°C 
13 


Rejection 
2000 
6.Vo = 50 V 


Input-Output 
~7000 
6.V1_O= 300 V 
Transient 
dVI_o/dt 
V/f.!s 
TA = 25°C 
14 


Rejection 
2000 
6.V1_O= 50 V 
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Figure 6. Typical Output 
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Notes: 
1. Derate 
linearly 
above 4O"C at a rate 
of 0.3 mA/"C. 


2. Derate 
linearly 
above 6O"C at a rate of 5 mW/"C. 


3. V(l(00) is a function 
of I,.OOO' and is dermed 
between 
pins 8 and 5 with pin 5 as reference. 
V(l(00) must 
be measured 
in a stable 
ambient. 
See Figure 
7'for variation 
of V(l(00) around 
the typical 
value. 


4. Device 
considered 
a two terminal 
device: pins 
1 and 4 shorted 
together, 
and pins 5 and 8 shorted 
together. 


5. This is a proof test. 
These 
parts 
are 100% tested 
in production 
at 3000 VaM", one second. 
6. R,omis defined 
as V(l(Jo"om' 


400V/IO Q, 
General Purpose, 1 Form A, 
Solid State Relay 


Features 
• Compact 
Solid-State 
Bidirectional 
Switch 
• Normally-Off 
Single-Pole 
Relay Function 
(1 Form-A) 
• 400 V Output 
Withstand 
Voltage 
in Both Polarities 
• 150/300 mA Current 
Ratings 
(See Schematic 
for 
Connection 
A & B) 
• Low Input 
Current; 
CMOS 
Compatibility 
• Very Low On-resistance: 
6 Q Typical 
@ 25°C 
• acldc Signal & Power 
Switching 
• Input-to-Output 
Insulation 
Voltage: 
2500 Vac, 1 Minute 
• 16·kV ESD Immunity: 
MIL- 
STD-883, Method 
3015 
• CSA Approved 
• UL 508 Approved 


Applications 
• Modems 
• Telecommunication 
Switching 
Equipment 
• Telecommunication 
Test 
Instruments 
• Reed Relay Replacement 
• 110/220 Vac Load Driver 
• Industrial 
Relay 
Coil 
Driver 


Description 
The HSSR-8400 consists of a 
high-voltage circuit, optically 
coupled with a Light-Emitting 
Diode (LED). This device is a 
solid-state replacement for 
single-pole, normally-open (1 
Form A) electromechanical 
relays used for general purpose 
switching of signals and low- 
power ac/dc loads. The relay 
turns on (contact closes) with a 
minimum input current, IF, of 
5 mA through the input LED. 
The relay turns off (contact 
opens) with an input voltage, 
VF,of 0.8 V or less. The detector 
contains a high speed photo- 
sensitive FET driver circuit and 
two high voltage MOSFETs. 


This relay's logic-level input 
control and very low typical 
output on-resistance of6 Q 


makes it suitable for switching 
of audio frequency signals in 
telecom applications. Connection 
A, as shown in the schematic, 
allows the relay to switch either 
ac or dc loads. In this configura- 
tion, the 150 mA output current 
rating allows it to switch small 
loads that are driven from 110 
Vac and 220 Vac power lines. 
Connection B, with the polarity 
and pin configuration as indi- 
cated in the schematic, allows 
the relay to switch dc loads 
only. The advantage ofConnec- 
tion B is that the on-resistance 
is significantly reduced and the 
output current capability 
increases by a factor of two. 


The electrical and switching 
characteristics 
of the HSSR- 
8400 are specified from -40°C to 
+85°C. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current (ON) 
IF(oN) 
5 
20 
mA 


Input Voltage (OFF) 
VF(OFF) 
0 
0.8 
Volt 
Operating Temperature 
TA 
-40 
+85 
°C 


Output Voltage 
Connection A 
VO(OFF) 
-370 
370 
Volt 
Connection B 
VO(OFF) 
0 
370 
Volt 


NOTE: At the time o(printing 
this data sheet, H~SR-806f! (60 V/0.7 Q) and HSSR-8200 
(200 V/160 n) solid state 
relays were also ava,zable. F~r the most current ltst of soltd state relays and options, you may contact your nearest 
Hewlett-Packard 
representatwe. 


• 


Absolute Maximum Ratings 
Storage Temperature 
-55°C to +125°C 
Operating 
Temperature 
- TA •••••••.••...••.•••••••••••••••••••••••• 
-40°C to +85°C 
Case Temperature 
-Tc 
+105°C[l] 


Junction 
Temperature 
- TJ 
+125°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 
Average Input Current 
- IF 
20 mA 


Repetitive 
Peak Input Current 
- IF 
40 mA 
(Pulse Width ~ 1 ms; duty cycle ~ 50%) 
Transient 
Peak Input Current 
- IF 
100 mA 
(Pulse Width ~ 200 ~s; duty cycle ~ 1%) 
Reverse Input Voltage - VR ••••••••••••••••••.•.•.•.•••••••••••••••••••••••••••••••••••• 
3 V 
Input Power Dissipation 
: 
.40 mW 
Output 
Voltage (TA = 25°C) 
Connection 
A - Vo 
-400 to +400 V 
Connection 
B - Vo 
0 to +400 V 
Average Output 
Current 
- Figure 2 (TA = 25°C, Tc ~ 70°C) 
Connection 
A - 10 
0.15 A 
Connection 
B - 10 
0.3 A 
Single Shot Peak Output 
Current 
(100 ms pulse width, TA = 25°C, IF = 10 mA) 
Connection 
A - 10 
1.0 A 
Connection 
B - 10 
2.0 A 
Output 
Power Dissipation 
750 mW[2] 


Thermal Resistance 
Typical Output 
MOSFET Junction 
to Case - 9JC = 55°C/W 


Demonstrated ESD Performance 
Human 
Body Model: MIL-STD-883 
Method 3015.7 -16 
kV 
Machine Model: EIAJ IC-121-1988 
(1988.3.28 Version 2), Test 
Method 20, Condition 
C - 1200 V 


CAUTION: 
Maximum 
Switching 
Frequency - Care should be taken during repetitive switching 
of loads so as not 


to exceed the maximum 
output current, maximum 
output power dissipation, 
maximum 
case temperature, 
and 
maximum 
junction 
temperature. 


Electrical Specifications 


For -40°C ~ TA ~ +85°C unless 
otherwise 
specified. 
All Typicals 
at TA = 25°C. 


Connec- 
Parameter 
tion 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Notes 


Output 
A 
IVO(OFFlI 400 
V 
VF = 0.8 V, 10 = 250 lJA, 
4 


Withstand 
TA = 25°C 
Voltage 
370 
VF = 0.8 V, 10 = 250 lJA 


Output 
A 
R(oN) 
6 
10 
0 
IF = 10 rnA, 10 = 150 rnA 
On-Resistance 
(pulse 
duration 
~ 30 fiS), 


B 
1.5 
2.5 
TA = 25°C 
5,6 
3 


A 
15 
IF = 10 rnA, 10 = 150 rnA 
(pulse 
duration 
~ 30 fiS) 
B 
3.8 


Output 
Leakage 
A 
IO(OFF) 
6xl0-4 
1.0 
lJA 
VF = 0.8 V, Vo = 400 V, 
12 


Current 
TA = 25°C 


Output 
Off- 
A 
C(OFF) 
60 
pF 
VF = 0.8 V, Vo = 25 V, 
13 


Capacitance 
f= 
1 MHz 


Output 
Offset 
A 
IVosl 
1 
JlV 
IF = 5 rnA, 10 = 0 rnA 
17 
4 
Voltage 


Input 
Rev. 
VR 
3 
V 
IR = 100 uA 
Breakdown 
Voltage 


Input 
Diode 
t>VF/t>TA 
-1.3 
mVloC 
IF = 10 rnA 
Temperature 
Coefficient 


Input 
Forward 
VF 
1.3 
1.6 
1.85 
V 
IF = 10 rnA, TA = 25°C 
14 


Voltage 


Input 
Capacitance 
Cm 
72 
pF 
VF=OV,f=IMHz 


Input-Output 
VISO 
2500 
VRMS 
RH ~ 50%, t = 1 min, 
5,6 
Insulation 
Voltage 
TA = 25°C 


Input-Output 
CI_O 
1.0 
pF 
V1_0 = 0 V, f = 1 MHz 
5 


Capacitance 


Input-Output 
RI_O 
100 
GO 
V1_0 = 500 Vdc, t = 1 min, 
5 
Resistance 
RH = 45% 
• 


Switching Specifications 


For 
-4Q<>C~ TA ~ + 85°C 
with 
Connection 
A, unless 
otherwise 
specified. 
All Typicals 
at TA = 25°C. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Notes 


Turn 
On Time 
toN 
0.5 
0.95 
ms 
IF = 10 mA, VDD = 400 V, 
1,7, 
7 
10 = 150 mA, TA = 25°C 
8,9 


1.2 
ms 
IF = 10 mA, VDD = 370 V, 
10= 
150mA 


Turn 
Off Time 
toFF 
0.013 
0.1 
ms 
IF = 10 mA, VDD = 400 V, 
1,7, 


10 = 150 mA, TA = 25°C 
10,11 


0.1 
ms 
IF = 10 mA, VDD = 370 V, 
10 = 150 mA 


Output 
IdVo/dt 
I 
1000 
V/l1s 
V(peak)= 100 V, 
15 
Transient 
RM ~ 1 Mil, CM = 1000 
pF, 
Rejection 
TA = 25°C 


Input-Output 
IdV,_o/dt I 
2500 
V/l1s 
VDD = 5 V, V,.O(peak)= 1000 V, 
16 
Transient 
RL = 1 kil, CL = 25 pF, 
Rejection 
TA = 25°C 


PIN/"- 
1 


ONE 
OOT 


TYPE NUMBER 
-f 


DATE CODE 
7.36 (0.290) 
7Mr'o) 


6.10(0.240) 


6.60 (0.260)L 


~----, 


0.18 (0.007) 


0.33 (O.013) 


3 


--J 
~1.78(O.70)MAX. 
m' 


~ 
4.70 (0.185) 


I Ii: 
051(00:~:'N 
:~::~~~~: 
-l1J!L 
2.92 (0.115) MIN. 


'I 
I 
0.45 (0.018) 


2.2. 
(0.090) ~ 
1-_ 0.65 (0.025) 


2.80 (0.110) 


Notes: 
1. The case temperature, 
Te, is meas- 
ured at the center of the bottom of the 
package. 


2. For derating, see Figure 3. The output 
power Po derating curve is obtained 
when the part is handling the 
maximum 
average 
output 
current 
10 


as shown in Figure 2. 


3. During the pulsed RoN measurement 


(10 duration S 30 mal, ambient (TAl 
and case temperature 
(Tel are equal. 


4. Vos is a function oflF, and is defmed 
between pins 4 and 6, with pin 4 as 
the reference. 
Vos must be measured 
in a stable ambient (free of tempera- 
ture gradientsl. 


5. Device considered a two terminal 
device: pins 1, 2, and 3 shorted 
together and pins 4, 5, and 6 shorted 
together. 


6. This is a proof test. These parts are 


100% tested in production at 3000 
Vrms, 
one second. 


7. For a faster turn-on time, the optional 


peaking circuit shown in Figure 1 
may be implemented. 
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Rl = REQUIRED 
CURRENT 
LIMITING 
RESISTOR 
FOR IF(Of'II 
= 10 mA. 


R2 = PULl·UP 
AESISTOR 
FOR Vf(OFF) 
< 800 mY; If (VCC - VOHI 
< 800 mY, OMIT R2. 


R3, C = OPTIONAL 
PEAKING 
CIRCUIT. 


TYPICAL VALUES 
R, 
If(pt() 
HSSR-8400 
(0) 
(mA) 
tON (ms) 


- 
10 (no pk) 
0.50 
33ll 
20 
0.29 
100 
40 
0.17 
33 
100 
0.09 


Figure 
2A. Maximum Average 


Output 
Current 
Rating 
V8. Ambient 
Temperature. 


Figure 2B. Maximum Average 
Output 
Current 
Rating 
V8. Case 
Temperature. 
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Figure 
5. Normalized 
Typical 
Output 
Resistance 
vs. Temperature. 
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14. Typical 
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Forward 
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Forward 
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Figure 
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Figure 
12. Typical 
Output 
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Figure 
13. Typical 
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Applications 
Information 
Thermal 
Model 


The steady state thermal model 
for the HSSR-8400 is shown in 
Figure 18. The thermal resis- 
tance values given in this model 
can be used to calculate the 
temperatures 
at each node for a 


given operating condition. The 
thermal resistances between the 
LED and other internal nodes 
are very large in comparison 
with the other terms and are 
omitted for simplicity. The com- 
ponents do, however, interact 
indirectly through SCA,the case- 
to-ambient thermal resistance. 
All heat generated flows 
through SCA,which raises the 
case temperature 
Tc accord- 


ingly. The value ofSCAdepends 
on the conditions of the board 
design and is, therefore, deter- 
mined by the designer. 


The typical value for each out- 
put MOSFET junction-to-case 
thermal resistance is specified 
as 55°C/W. This is the thermal 
resistance from one MOSFET 
junction to the case when power 
is dissipated equally in the 
MOSFETs. The power dissipa- 
tion in the FET Driver is 
negligible in comparison to the 
MOSFETs. 


150 
58 
58 


Tc 


Oc. 


TJ• 
= LED JUNCTION 
TEMPERATURE 
TtM = FET 1 JUNCTION 
TEMPERATURE 
Trr.z= FET 2 JUNCTION 
TEMPERATURE 
TJd= FET DRIVER JUNCTION 
TEMPERATURE 
Tc = CASE TEMPERATURE 
(MEASURED 
AT 


CENTER OF PACKAGE 
BOTTOM) 
TA = AMBIENT TEMPERATURE 
(MEASURED 
6" AWAY FROM THE PACKAGE) 
Bel. = CASE·T~AMBIENTTHERMAL 
RESISTANCE 


ALL THERMAL 
RESISTANCE 
VALUES 
ARE IN °CIW. 


On-Resistance 
and Derating 
Curves 
The output on-resistance, RoN, 
specified in this data sheet, is 
the resistance measured across 
the output contact when a 
pulsed current signal (10= 150 
mA) is applied to the output 
pins. The use of a pulsed signal 
(~ 30 ms) implies that each 
junction temperature 
is equal to 
the ambient and case tempera- 
tures. The steady-state resist- 
ance, Rss, on the other hand, is 
the value of the resistance 
measured across the output 
contact when a DC current sig- 
nal is applied to the output pins 
for a duration sufficient to reach 


thermal equilibrium. Rss 
includes the effects of the tem- 
perature rise of each element in 
the thermal model. 


Derating curves are shown in 
Figures 2 and 3. Figure 2 speci- 
fies the maximum average 
output current allowable for a 
given ambient or case tempera- 
ture. Figure 3 specifies the out- 
put power dissipation allowable 
for a given case temperature. 
Above a case temperature 
of 
93°C, the maximum allowable 
output current and power dissi- 
pation are related by the expres- 
sion Rss = Po(max)/(Io(max))2 
fro~ which Rss can be cal- 
culated. Staying within the safe 
area assures that the steady 
state junction temperatures 
remain less than 125°C. As an 
example, for a case temperature 
of 100°C, Figure 3 shows that 
the output power dissipation 
should be limited to less than 
0.5 watts. A check with Figure 
2B shows that the output 
current should be limited to less 
than 150 mA. This yields an Rss 
of22 Q. 


I 


Turn On Time 
Variation 
For applications 
which are 
sensitive 
to turn on time, the 
designer 
should refer to Figures 
19 and 20. These figures show 
that although 
there is very little 
variation 
in toN within most of 


the population, 
a portion of the 
distribution 
will vary with use. 
The optional peaking 
circuit 
shown in Figure 
1 can be used 
to reduce the total turn on time 
and,consequently,any 
associated 
variation. 
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Hermetic and Hirel 
Optocouplers 


For Military, Space 
Flight, & Life Critical 
Applications 
Choose from Hewlett-Packard's 
broad line of high performance 
hermetic optocouplers to meet 
your military, aerospace, and 
high reliability applications. 
There are three ceramic pack- 
age styles to choose from: 8 and 
16 pin dual in-line packages, 
and a 20 terminal leadless chip 
carrier (LCC) package. Available 
in each package style are four 
basic families of optocouplers: 
high gain, high speed transistor, 
high speed logic gate, and 
several application specific 
devices. Most functional device 
types are offered in all three 
package configurations. 
The 
LCC catalog products are all 
two channel optocouplers. 


HP's Class H hermetic 
optocouplers are classified by 
the Department 
of Defense as 
hybrid microcircuits and are 
manufactured 
and tested on a 
MIL-STD-1772 certified and 
qualified line. Our facilities and 
assembly processes meet MIL- 
H-38534 Class H, and we have 
listing on QML38534. 


All product families are repre- 
sented by standard (commercial 
grade) units and by high 
reliability tested units. The hi- 
reI parts are tested to MIL-STD- 
883 Class B. All hi-reI tested 
parts are also offered with 
recognized DESC part numbers 
either from DESC Drawings, 
Standard 
Military Drawings 
(SMDs), or from DESC's new, 
"One Part, One Part Numbering 
System." All hi-reI parts are 
tested and guaranteed 
over the 
full military temperature 
range 
from -55°C to +125°C. 


New this year is the availability 
of devices with construction, 
screening and qualification 
normally required for devices 
used in space flight 
applications. 


To give you more opportunities 
to use recognized DESC parts, 
we now offer 20 devices under 
DESC drawings. 


Hermetic Optocoupler 
Product Screening and 
Quality Conformance 
Test Program (MIL- 
STD·883 Class B) 
The following 100% Screening 
and Quality Conformance 
Inspection programs show in 
detail the capabilities of our 
hermetic optocouplers. MIL-H- 
38534 Quality assurance 
requirements 
are in accordance 
with Option 2 for all testing 
programs (Methods 5008 and 
2017). Hewlett-Packard 
further 
exercises a testing option as 
allowed by MIL-STD-883, 
Method 5008, Par. 3.1a which 
states that "Hybrid and multi- 
chip microcircuits, which are 
contained in packages having 
an inner seal perimeter 
ofless 
than 2.0 inches", may be tested 
in accordance with the 
requirements 
ofMIL-STD-883, 
Methods 5004 and 5005, with a 
change to the internal 
visual 
from Method 2010 to Method 
2017. All devices marked/883B 
and DESC Drawing parts have 
standardized 
test programs 
suitable for product used in 
military, aerospace, and other 
high reliability applications 
and 
are the preferred devices by 
systems contractors. 


Test 
Method 
Conditions 


1. Precap Internal Visual 
2017 & 2032 


2. Temperature 
Cycling 
1010 
Condition C, -65°C to +150°C, 10 cycles 


3. Constant Acceleration 
2001 
Condition A, 5KG's 


4. Fine Leak 
1014 
Condition A 


5. Gross Leak 
1014 
Condition C 
- 


6. Interim Electrical Test 
- 
Optional 


7. Burn-In 
1015 
Condition B, Time = 160 hours, min. TA = 125°C 


8. Final Electrical Test 
Group A, Subgroup 1, 5% PDA 


Electrical Test 
Group A, Subgroups 2, 3, 9 


9. External Visual 
2009 


Quality Conformance 
Inspection 
Group A electrical tests are 
product dependent and are 
given in the individual device 
data sheets. Group A and B 
testing is performed on each 
inspection lot 


Group A Testing, MIL-STD-883,Method 5005 (Class 
HDevices) 
Quality/Acceptance 
Number = 116/0 


Subgroup 
1 
Static tests at TA = 25°C 


Subgroup 
2 
Static tests at TA = +125°C 


Subgroup 
3 
Static tests at TA = -55°C 


Subgroup 
4 
Dynamic test at TA = 25°C (where applicable) 


Subgroups 
5, 6, 7, and 8a & 8b 
These subgroups are non-applicable to this device type 


Subgroup 
9 
Switching tests at TA = 25°C 


Subgroup 
10 
Switching tests at TA = +125°C 


Subgroup 
11 
Switching tests at TA = -55°C 


Quantityl 
Test 
Method 
Conditions 
Accept 
No. 


Subgroup 
2 
2015 
4 Devices 
Resistance to Solvents 
(no failures) 


Subgroup 
3 
2003 
Soldering temperature 
of 
2210 leads 
Solderability 
245 ± 5 °C for 10 seconds 
3 devices minimum 


SubgroupS 
2011 
Test Condition D 
1510 wires 
Bond Strength 
Thermocompression 
(performed prior to seal) 


Group C testing is performed on 
a periodic basis from current 
manufacturing 
every three 
months. 


Quantityl 
Test 
Method 
Conditions 
Accept 
No. 


Subgroup 
1 
1005 
Condition B, time = 1000 hours total 
4510 
Steady State Life Test 
TA= +125°C 


Endpoint Electricals 
Group A, Subgroup I, 2, 3 
at 1000 hours 


Group D testing is performed on 
a periodic basis from current 
manufacturing 
every six 
months. 


Quantityl 
Test 
Method 
Conditions 
Accept 
No. 


Subgroup 
1 
2016 
15/0 
Physical Dimensions 


Subgroup 
2 
2004 
Test CondoB2 
45/0 leads 
Lead Integrity 
(Test CondoD for LCCs LTPD 15) 
3 devices minimum 
(1510) 


Quantityl 
Test 
Method 
Conditions 
Accept 
No. 


Subgroup 
3 
Thermal 
Shock 
1011 
Condition 
B, -55°C to +125°C 
1510 
15 cycles min. 


Temperature 
Cycling 
1010 
Condition 
C, -65°C to +150°C 
100 cycles min. 


Moisture 
Resistance 
1004 


Fine Leak 
1014 
Condition A 


Gross Leak 
1014 
Condition 
C 


Visual Examination 
Per visual criteria 
of methods 
1004,1010 


Endpoint 
Electricals 
Group A, Subgroup 
1, 2, 3 


Subgroup 
4 
1510 
Mechanical 
Shock 
2002 
Condition 
B, 1500 G, t = 0.5 ms, 
5 blows in each orientation 


Vibration 
Variable 
2007 
Condition A 
Frequency 


Constant 
Acceleration 
2001 
Condition A, 5 KGs 


Fine Leak 
I 
1014 
Condition A 


Gross Leak 
1014 
Condition 
C 


Visual Examination 
1010 
Per visual criteria 
of Method 1010 


Endpoint 
Electricals 
Group A, Subgroup 
1,,2,3 


Subgroup 
5 
1510 
Salt Atmosphere 
1009 
Condition A min. 


Visual Examination 
1009 
Per visual criteria 
of Method 
1009 


Fine Leak 
1014 
Condition A 


Gross Leak 
1014 
Condition 
C 


Subgroup 
6 
3/0 or 5/1 
Internal 
Water Vapor 
1018 
5,000 ppm maximum 
water 
Content 
content at 100°C 


Subgroup 
7 
1510 leads 
Adhesion 
of Lead Finish 
2025 
3 devices minimum 
(not required 
for LeCs) 
• 


100% Screen 
Method 
Conditions 


Nondestructive 
Bond Pull 
2023 


Internal 
Visual 
2017 


Temperature 
Cycling 
1010 
Condo C, -65°C to +150°C, 10 cycles 


Constant 
Acceleration 
2001 
Condo A, 5 Kg's, Y1 & Y2 orientations 


Visual Inspection 
- 
Visual for catastrophic 
failures 


Particle 
Impact Noise 
2020 
Condition A 
Detection 
(PIND) 


Serialization 
- 


Pre Burn-in 
- 
Group A, Subgroup 
1, (except Ii-o) 
Electrical 
Test 


Burn-in 
Test 
1015 
Condo B, time = 160 hrso (total of 320 hrso; 
2 increments 
of 160 hrs.) TA = +125°C 


Interim 
Electrical 
- 
Group A, Subgroup 
I, (except Ii-o) 
Test (160 hrso) 


Burn-in 
Test 
1015 
Condo B, time = 160 hrso, TA = +125°C 


Post Burn-in 
- 
Group A, Subgroup 
1, 2% PDA applies 
Electrical 
Test 


Final Electrical 
Test 
- 
Group A, Subgroup 
2, DC at TA = + 125°C 
Group A, Subgroup 
3, DC at TA = -55°C 
Group A, Subgroup 
9, AC at TA = +25°C 


Fine Leak 
1014 
Condo Al 


Gross Leak 
1014 
Condo C1 


Radiographics 
2012 


External 
Visual 
2009 
. 


Quantity 
(Accept 
Number) 


Subgroup 
1 
Static tests at TA = 25°C 
.-- 
116 (0) 


Subgroup 
2 
Static tests at TA = +125°C 
76 (0) 


Subgroup 
3 
Static tests at TA = -55°C 
45 (0) 


Subgroup 
4 
Dynamic test at TA = 25°C (where applicable) 
116 (0) 


Subgroup 
9 
Switching tests at TA = 25°C 
116 (0) 


Subgroup 
10 
Switching tests at TA = +125°C 
76 (0) 


Subgroup 
11 
Switching tests at TA = -55°C 
. 
45 (0) 


Test 
Method 
Conditions 
Quantity/Accept 
No. 


Subgroup 
1 
Physical Dimensions 
2016 
2 (0) 


Subgroup 
2 
Particle Impact Noise 
2020 
Condition A 
15 (0) 
Detection (PIND) 


Subgroup 
3 
Resistance to Solvents 
2015 
4 (0) 
. 


Subgroup 
4 
Internal Visual and 
2014 
Performed at precap 
1(0) 
Mechanical 
Obtained by interception 


Subgroup 
5 
Bond Strength 
2011 
Test condition D 
2 devices 
(Thermo Compression) 
(Performed in-process) 
(44 [0] bonds 
or all if less) 


Subgroup 
6 
Die Shear Strength 
2019 
Per Method 2019 for the 
2 (0) 
applicable die size 


Subgroup 
7 
Solderability 
2003 
Soldering Temperature 
at 
2 (0) 
+245± 5°C 
(15 [0] leads or all ifless) 
• 


Test 
Method 
Conditions 
Quantity/Accept 
No. 


Subgroup 
1 
End Point Electricals 
Group A, Subgroup 1 
5 (0) 


Group A, Subgroup 2 
Group A, Subgroup 3 


External Visual 
2009 


Temperature 
Cycling 
1010 
Condo C, -65°C to +150°C, 
20 cycles 


Constant Acceleration 
2001 
CondoA, 5 Kg's, Y1 & Y2 
orientations 


Fine Leak 
1014 
CondoA1 


Gross Leak 
1014 
CondoC1 or C3 


Radiographic 
Inspection 
2012 
Yaxis 


Visual Examination 
Per visual criteria of 
Method 1010 


End Point 
Group A, Subgroup 1 
Electricals 
Group A, Subgroup 2 
Group A, Subgroup 3 


Subgroup 
2 
End Point Electricals 
Group A, Subgroup 1 
22 (0) 


Group A, Subgroup 2 
or 


Group A, Subgroup 3 
5 (0)* 


Steady State Life Test 
1005 
Test CondoB, TA = +125°C, 
time = 1000 hrs. 


End Point Electricals 
Group A, Subgroup 1 
Group A, Subgroup 2 
Group A,.Subgroup 3 


Subgroup 
3 
Internal 
Water-Vapor 
1018 
5000 ppm maximum water 
3 (0) 


Content 
content at +100°C 


Test 
Method 
Conditions 
Quantity/Accept 
No. 


Thermal 
Shock 
1011 
Condition 
C, -65°C to +150°C, 
5 (0) 
15 cycles 


Stabilization 
Bake 
1008 
+150°C, time = 1 hr. 
5 (0) 
.- 


Lead Integrity 
2004 
Test Condition 
B2 (lead fatigue) 
1 (0) 
15 leads min. 
or all ifless 


Fine Leak 
1014 
Test Condition Al 
5 (0) 


Gross Leak 
1014 
Test Condition C1 
, 
5 (0) 


Controlling 
Government 
Specifications and 
Standards 
MIL-H-38534 
General 
Specification 
for Hybrid 
Microcircuits 
All Hewlett-Packard 
/883B, 
DESC Drawing 
and SMD 
products 
are in full compliance 
with the applicable 
parts 
of 
MIL-H-38534, 
Class H. 


MIL-STD-883 
Test Methods 
and 
Procedures 
for 
Microelectronics 
Hewlett-Packard's 
testing 
of all 
hermetic 
hybrid products 
is in 
compliance with current 
revisions, 
requirements 
and test 
methods 
ofMIL-STD-883 
Class H. 


MIL·STD-1772 
Certification 
Requirements 
for Hybrid 
Microcircuit 
Facilities 
and 
Lines 
Our Class H hermetic 
optocoupler 
line is certified 
and 
parts 
are qualified 
to MIL-STD- 
1772. Certification 
to MIL-STD- 
1772 must exist before a part 
can be marked 
with 883B or 
with a DESC SMD number. • 


c$ 


~ 
~ 


• 


5962· 
88785022A 
5962· 
88769022A 


DESC Part Number Systems[l] 
DESC Drawings(2) 


83 
024 
01 
E 
C 
I 
Lead Finish 
A = Solder dipped 
C = Gold plated 
X = Either of above 
Case Outline, E = 16-pin DIP 
Device Type 
Drawing Number in that year 
Year Drawing Number was assigned 


Standard 
Military Drawings 
(SMD) 


5962- 
89 
785 
02 
A 
I 
Lead Finish as above except A only for LCC 
Case Outline,[4l 
E = 16-pin DIP 
P = 8-pin DIP 
2 = 20-terminal 
square LCC 
Device Type 
Drawing Number in that year 
Year Drawing Number was assigned 
Federal stock class Designator (microcircuits) 


One Part - One Part Number System(3) 


5962 
90 
854 
H 
P 
C 


I 
I 
ILead Finish as above 
Case Outline as above 
Class Designator - Quality Level 
MIL-H-38534 ... 
H or K 
Device Type 
Drawing Number in that year 
Year Drawing Number was assigned 
Rad Hard Identifier 
M, D, R, H For Device Class B, S, H or K 
Federal stock class Designator (microcircuits) 


Notes: 
1. The numbering 
system used was current 
when any particular 
part was numbered. 


2. DESC Drawings 
do not contain 
the prefIx 5962. 


3. Class Designators 
H, and K ofMIL-H-3S534 
are equivalent 
to class levels B and S ofMIL-M-38510 
respectively. 


4. For additional 
lead form options, contact your local Hewlett-Packard 
fIeld representative. 


Typical 
Specified 
Withstand 


Data Rate 
Common 
Input 
Test 
Page 


Device 
Description 
Application 
[NRZ] 
Mode 
Current 
Voltage 
No. 


HCPL·5200 
Single Channel, 
High Speed Logic 
5 MbiVs 
1000 V/llS 
2-8mA 
1500 Vdc 
6-313 


Hermetically Sealed 
Ground Isolation, 
at 
'~ 
.." 
Wide Supply 
LSTTL, TTL, CMOS 
Vcm = SOV 


2 
.;-.lJ 
7 Vo 
Vo"age 
Logic Interface 


3' 
6 VE 
Optocoupler 


4 
5 GND 
HCPL-5201 
MIL-STD-883 
MilitarylHigh 


Class B 
Reliability 


5962-8876801 PX 
DESC Approved 


8 pin DIP 
HCPL-5201 


HCPL·5230 
Dual Channel, 
High Speed Logic 


'~ 
.." 


Hermetically Sealed 
Ground Isolation, 
\. 
Wide Supply 
LSTTL, TTL, CMOS 


2 
I 
7 VOl 
Vo"age 
Logic Interface 


3 
~ 
fJ 
6 VOl 
Optocoupler 


4 
5 GND 
HCPL-5231 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962-8876901 PX 
DESC Approved 


8 pin DIP 
HCPL-5231 


HCPL-6230 
Dual Channel, 
High Speed Logic 


'. 
Hermetically Sealed 
Ground Isolation, 
18111&1514 


-"~"" 


Wide Supply 
LSTTL, TTL, CMOS 


CATHDDE20 
--, 
12GIIO 
Vo"age 
Logic Interface 


, 
" 


CATHDOEl 
__ I 
B 
10Vtc 
Optocoupler 


AIIOu~ 3 
IF 
...•., 
'0 9 
HCPL-6231 
MIL-STD-883 
MilitarylHigh 
45618 
GNOVo 
Class B Part 
Reliability 


5962-88769022A 
DESC Approved 
20 Terminal LCC 
HCPL-6231 


HCPL-5400 
Single Channel, 
High Speed Logic 
40 M biVs 
500 V/llS 
6-10 mA 
1500 Vdc 
6-328 
E~"" 


Hermetically Sealed 
Isolation, AiD and 
at 


I 
High Speed 
ParaliellSeriai 
Vcm = SOV 


2 
I 
7 VE 
Optocoupler 
Conversion 
-J.. 


3 
: II 
6 Vo 
HCPL·5401 
MIL-STD-883 
MilitarylHigh 


4 
5 GND 
Class B Part 
Reliability 


5962-8957001 PX 
DESC Approved 
8 pin DIP 
HCPL·5401 
• 


Typical 
Specified 
Withstand 


Data Rate 
Common 
Input 
Test 
Page 


Device 
Description 
Application 
[NRZ] 
Mode 
Current 
Voltage 
No. 


HCPL-5430 
Dual Channel, 
High Speed Logic 
40Mbitls 
500 VIIlS 
6-10 mA 
1500 Vdc 
6-328 


Hermetically Sealed 
Isolation, Commu- 
at 
'~". 


{. 
High Speed 
nications, Networks. 
Vcm = SOV 


2 
I 0. 
1VOI 


Optocoupler 
Computers 
3 
J, 
6V02 


4 
I 
SGHD 


HCPL-5431 
MIL·STD-883 
MimarylHigh 


Class B Part 
Reliability 
. 


5962-8957101 PX 
DESC Approved 


8 pin DIP 
HCPL-5431 


HCPL-6430 
Dual Channel, 
High Speed Logic 


'Iu 
Hermetically Sealed 
Isolation, Commu· 
18 n 
IS 
15 It 


-"~'" 


High Speed 
nications, Networks, 


CATIlOO£20..... 
lZ61l0 
Optocoupler 
Computers 
, 
" 


CATIlOllE2 
.: 
u 
IOYcc 


ANOllE3 
1f 
_., 
io9 
HCPL-6431 
MIL·STD-883 
MilitarylHigh 


(5618 
Class B Part 
Reliability 


GffllVo 


5962-89571022A 
DESC Approved 
20 Terminal LCC 
HCPL-6431 
- 
6N134 
Dual Channel, 
Line Receiver, 
10 M bills 
1000 VljJ.S 
10mA 
1500 Vdc 
6-344 
IT}l 
j§] 
I?: 
~ 
!§Iv" 
Hermetically Sealed 
Ground Isolation for 
at 


@ 
f t>-H1v" 
Optically Coupled 
High Reliability 
Vcm = SOV 


Ii 
: 
~ 
Logic Gate 
Systems 


@: 3' rt>- g]V02 
6Nl341883B 
MIL·STD-883 
MilitarylHigh 
[§L 
OJ 


[l 
!Jim 
Class B Part 
Reliability 


~ 
ID 
8102801 EX 
DESC Approved 
- 
16 pin DIP 
6Nl34I883B 
- 


HCPL-5600 
Single Channel, 
Line Receiver, 
6-351 


I[ 
v·b' 


Hermetically Sealed 
Ground Isolation for 


I 
Optically Coupled 
High Reliability 
'[~lC~7 
Logic Gate 
Systems 


3[ -.J l'L>- 0' 
HCPL-5601 
MIL·STD-883 
MilitarylHigh 


.[ 
: 
v 


M 


], 
Class B Part 
Reliability 
4 
~s 


5962- 
DESC Approved 
8 pin DIP 
9085501HPX 
HCPL-5601 


High-Speed 
Logic Gate Optocoupters 
(Continued) 


Typical 
Specified 
Withstand 


Data Rate 
Common 
Input 
Test 
Page 


Device 
Description 
Application 
[NRZ] 
Mode 
Current 
Voltage 
No. 


HCPL-563O 
Dual Channel, 
Line Receiver, 
10 M biVs 
1000 V/JJ.S 
10mA 
1500 Vdc 
6-351 


Hermetically Sealed 
Ground Isolation for 
at 


Optically Coupled 
High Reliability 
Vcm = SOV 


Logic Gate 
Systems 


HCPL-5631 
MIL-ST0-883 
MilitarylHigh 
Class B Part 
Reliability 


8102802PX 
DESC Approved 


8 pin DIP 
HCPL-5631 


HCPL~630 
Dual Channel, 
Line Receiver, 


" 


Hermetically Sealed 
Ground Isolation for 


AHOD~19 
~ 
Optically Coupled 
High Reliability 
CATHllDE211 


I 
Logic Gate 
Systems 
CATIlOOt:2 


AIl(lO(J.!L.~ 


HCPL~631 
MIL·STD-883 
MilitarylHigh 
Class B Part 
Reliability 


81028032A 
DESC Approved 


20 Terminal LCC 
HCPL~631 


HCPL-1930 
Dual Channel, 
Line Receiver, 
10M b~/s 
1000 V/JlS 
10mA 
1500 Vdc 
6-360 


Hermetically Sealed 
High Speed Logic 
at 


High CMR Line 
Ground Isolation 
Vcm = SOV 
Receiver 
in High Ground 
• 


Optocoupler 
or Induced Noise 


Environments 


HCPL-1931 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962-8957201 EX 
DESC Approved 


16 pin DIP 
HCPL·1931 


High Gain Optocouplers 


Typical 
Current 
Specified 
Withstand 


Data Rate 
Transfer 
Input 
Test 
Page 


Device 
Description 
Application 
[NRZ) 
Ratio 
Current 
Voltage 
No. 


6N140A 
Hermetically Sealed 
Line Receiver, Low 
100k bitls 
300% Min. 
O.5mA 
1500 Vdc 
6-369 


Package Containing 
Power Ground 
to 


4 Low Input Current 
Isolation for High 
5.0mA 


High Gain 
Reliability Systems 


Optocouplers 


6N140Al883B 
MIL-5TD-883 
MilitarylHigh 


Class B Part 
Reliability 


B302401EX 
DESC Approved 


16 pin DIP 
6N140Al883B 


HCPL·5700 
Single Channel, 
Line Receiver, Low 
6-377 


Hermetically Sealed 
Current Ground 
'(g"" 


High Gain 
Isolation. TIUTTL, 


2 
< 
7NC 
Optocoupler 
LSTIUTTL, 


3 
6Vo 
CMOSITIL 
4 
5GND 
HCPL-5701 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962-8981001PX 
DESC Approved 
8 pin DIP 
HCPL-5701 


HCPL-5730 
Dual Channel, 
Line Receiver, 


'~8V" 
Hermetically 
Polarity Sensing, 


2 
7 VOl 
Sealed, High Gain 
Low Current Ground 
3. 
6 VOl 
Optocoupler 
Isolation 
4 
5 GND 
HCPL-5731 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962-8978501 PX 
DESC Approved 
8 pin DIP 
HCPL·5731 


HCPL-6730 
Dual Channel, 
Line Receiver, 


Hermetically Sealed 
Polarity Sensing, 


High Gain 
Low Current 
Optocoupler 
Ground Isolation 


HCPL-6731 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962-89785022A 
DESC Approved 
20 Terminal LCC 
HCPL-6731 


Input 
Withstand 


Typical 
Threshold 
Output 
Test 
Page 


Device 
Description 
Application 
Data Rate 
Current 
Current 
Voltage 
No. 


HCPL-5760 
Single Channel 
Lim~ Sw~ch 
10kHz 
2.5mATH+ 
2.6mA 
1500 Vdc 
6-388 


'~V" 


Hermetically Sealed 
Sensing, Low 
1.3mA TH- 


l 
: 
7NC 
Threshold Sensing 
Vohage Detector 


3 
I 
6Uo 
Optocoupler 
Relay Contact 


4 
GND 
Mon~or 


HCPL-5761 
MIL-STD-883 
Mil~arylHigh 


Class B Part 
Reliability 


5962-8947701 PX 
DESC Approved 


8 pin DIP 
HCPL-5761 


High Speed Transistor 
Optocouplers 


Typical 
Current 
Speclfled 
Withstand 


Data Rate 
Transfer 
Input 
Test 
Page 
Device 
Description 
Application 
[NRZ) 
Ratio 
Current 
Voltage 
No. 


4N55 
Dual Channel 
Line Receiver, 
700kbiVs 
9% Min. 
16mA 
1500 Vdc 
6-397 


Hermetically Sealed 
Analog Signal 


Analog Optical 
Ground Isolation, 


Coupler 
Sw~ching Power 


Supply Feedback 
• 


Element 


4N551883B 
MIL-STD-883 
MilitarylHigh 


Class B Part 
Reliability 


5962-8767901 EX 
DESC Approved 


16pin DIP 
4N551883B 


HCPL-5500 
Single Channel 
Line Receiver, 
6-405 


Hermetically Sealed 
Analog Signal 
Analog Optical 
Ground Isolation, 


Coupler 
Switching Power 


Supply Feedback 


Element 


HCPL-5501 
MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


5962- 
DESC Approved 


8 pin DIP 
9085401HPX 
HCPL-5501 


5962- 
8767902PX 


HCPL-6530 


5962- 


87679032A 


Description 
Application 


Dual Channel, 
Line Receiver, 


Hermetically Sealed 
Analog Signal 


Analog Optical 
Ground Isolation, 


Coupler 
Switching Power 
Supply Feedback 


Element 


MIL-STD-883 
MilitarylHigh 
Class B Part 
• Reliability 


DESC Approved 
HCPL-5531 


Dual Channel, 
Line Receiver, 
Hermetically Sealed 
Analog Signal 
Analog Optical 
Ground Isolation, 


Coupler 
Switching Power 


Supply Feedback 


Element 


MIL-STD-883 
MilitarylHigh 
Class B Part 
Reliability 


DESC Approved 


HCPL-6531 


Typical 
Current 


Data Rate 
Transfer 


[NRZ] 
Ratio 


Specified 
Withstand 


Input 
Test 
Page 
Current 
Voltage 
No. 


16 mA 
1500 Vdc 
6-405 


Output 
Output 
Maximum 
Maximum 
Inpull 
Withstand 
On· 
Load 
Off· State 
Output 
Page 
Voltage 
Resistance 
Current 
Leakage 
Insulation 
No. 


90 
LOn 
0.8A ac 
250 mA 
1500 Vdc 
6-416 
1.6 A dc 


Application 


MilitarylHigh Reliabil~y 
Systems, Standard 28 Vdc 
and 48 Vdc Load Driver, 
Standard 24 Vac Load Driver, 
acldc Electromechanical and 
Solid State Relay 
Replacement 


Hermetic High Performance 
Optocouplers 
Functionally Equivalent Part Types 


Closest 


Equivalent 


Package Style 
16 PIN DIP 
8PIN DIP 
20 Terminal LCC 
Plastic 


tI of Channels 
Quad 
Dual 
Dual 
Single 
Dual 
Single 
Function 
"" 
(4) 
(2) 
(2) 
(1) 
(2) 
(1) 


High Gain Output, 
6N140A 
HCPL-5730 
HCPL-5700 
HCPL-6730 
6N13819 


Low Input Current 
6N140Al883B 
HCPL·5731 
HCPL·5701 
HCPL-6731 


830240 lEX 
5962-8978501PX 
5962-8981001PX 
5962-89785022A 


Transistor Output 
4N55 
HCPL-5530 
HCPL-5500 
HCPL-6530 
6N13516 
4N55/883B 
HCPL·5531 
HCPL·5501 
HCPL·6531 
5962-8767901 EX 
5962-8767902PX 
5962-9085401HPX 
5962·87679032A 


High Speed Logic 
Special PiN 
6N134 
HCPL-5630 
HCPL-5600 
HCPL-6630 
HCPL-2601 
Output, 10 Mbaud 
6N134/883B 
HCPL·5631 
HCPL·5601 
HCPL·6631 
8102801EX 
8102802PX 
5962-9085501HPX 
81028032A 


High Speed Logic, 
HCPL·1930 
Special PiN 
Special PiN 
Special PiN 
HCPL·2602 
Input Regulation 
HCPL·1931 
5962-8957201 EX 


Wide Vcc from 
HCPL-5230 
HCPL-5200 
HCPL-6230 
HCPL-2200 
4.5 to 20 Volts 
HCPL·5231 
HCPL·5201 
HCPL·6231 
5962-8876901PX 
5962-8876801PX 
5962-88769022A 


Very High Speed 
HCPL-5430 
HCPL-5400 
HCPL-6430 
HCPL·2400 
Logic, 20 Mbaud 
HCPL·5431 
HCPL·5401 
HCPL-6431 
5962-8957101PX 
5962-8957001PX 
5962-89571022A 


ACIDC Logic 
HCPL-5760 
Special PiN 
HCPL-3700 
Interface 
HCPL·5761 
Single 


5962-8947701PX 


Power MOSFET 
HSSR-7110 
Optocoupler 


Standard type refers to standard parts 
Bold type refers to 883B parts 
Italic type refers to DESC Drawing parts 
• 


Hermetic Optocoupler 
Options 


Option 


100 
Surface mountable hermetic optocoupler w~h leads trimmed for butt joint assembly. This option is available on standard produd 
and 18838 hi-rei product in 8 and 16 pin DIP (see drawings below for details). Contact factory for the availability of this option on 


DESC part types. 


~[JO-::L 


I. 
0790~ 
0.820 


-~ 


0-:1··· 


L0370~ 
0.390 


0.020 :-1frI°~:~ 
I 
M1Nil 
.--i 


. 
0.110 


1 
I 
MAX. 


0.045J"F 
f 
0.055 
0.090 
j 
0.020 MAX. 


0."0 
8 


0.007 
0.013 


0.290 
0.310 


200 
Lead finish is solder dipped rather than gold plated. This option is available on standard produd and 18838produd in 8 and 16 
pin DIP. DESC Drawing part numbers contain provisions for lead finish. All leadless chip carrier devices are delivered with solder 
dipped terminals as a standard feature. 


300 
Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This option is available on standard 
produd and 18838 product in 8 and 16 pin DIP (see drawings below for details). Contad fadory for the availabil~y of this option 
on DESC part types. This option has solder dipped leads. 


~p:::ID~o 


MAX. 


C0790~ 
0.820 
CJ 


fIlo 


MAX. 
!L1 


Ilf 
0.370-:J 


~O.390 


O°C 
l 
5°C 
0.007R---- 
~ 
-l 
0180 
MAX. 
Lo 380j--r:-r 


0.390 
0.065 


0'035---j~ 
0.060 
I 


~.! 


0020~ 
-11--0020 
MIN. 
0.110 
MAX. 


FhiiW 
HEWLETT 
~r.JIIIPACKARD 


Wide Supply Voltage, High 
CMR, Hermetically 
Sealed 
Optocoupler 


Technical Data 


Features 
• Dual Marked with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-Sm-1772 
Certified 
Line 


• QML-MIL-H-38534, Class H 
• Hermetically 
Sealed 
Packages 
• Performance 
Guaranteed 
over -55°C to +12S"C 
• MJL-H-38534 Class H 
Testing 
• Wide Vcc Range 


(4.5 to 20 V) 
• 300 ns Maximum 
Propagation 
Delay 
• Compatible 
with LSTTL, 
TTL, and CMOS Logic 
• High Common Mode 
Rejection 
-l000Vl~ 
Guaranteed, 
10 KV/~ 
Selection 
Available 
• 1500 Vdc Withstand 
Test 
Voltage 
• Three State Output 
Available 
• HCPL-2200/31 
Function 
Compatibility 
• Reliability 
Data Available 
• Very Low CTR 
Degradation 


Applications 
• MilitarylHigh 
Reliability 
Systems 
• Transportation 
& Life 
Critical 
Systems 
• Space Level Processing 
Available 
• Isolation 
of High Speed 
Logic Systems 


Outline Drawings 


8 PIN CERAMIC DUAL IN·UNE PACKAGE 


940 (03701 


~ 
990 (0 3901 
--jO.51 
loO.201' 


MIN 
mi 


l-I, 3210170' 
~__ 
t 
MAX 


I 
~~T 
r 


~-L 


'- 
3 81 
(O 150) 


MIN 


8 Pin Dual In·Line 
Package 
HCPL·5200 
HCPL·5201 
(883B) 
5962-8876801PX 
HCPL-5230 
HCPL-5231 
(883B) 
5962-8876901PX 
20 Terminal Leadless 
Chip 
Carrier 
HCPL-6230 
HCPL·6231 (883B) 
5962·88769022A 


• Computer-Peripheral 
Interfaces 
• Microprocessor 
System 
Interfaces 
• Ground Loop Elimination 
• Pulse Transformer 
Replacement 
• Isolated 
Bus Driver 
(Single 
Channel) 
• High Speed Line Receiver 


8" 


(03201 


MAX 
020 (0 008) 


033(O~_ 


f 


'~81 
2 
: II 
7 


3 
r.. 
6 


I 
I 
, 
'-- 
5 


HCPl-5200 
HCPL-5201 


5962-8876801 
PC 


HCPL-5230 
HCPL-5231 
5962-8876901 
PC 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


• 


1.27(0.050) 
I~:'9~5~1~'~:5~~: 
id 
(19~-lCS)'1 1.78 (O.070) 
5.21 (0.205) 
~ 
2.03 10.080) 
I 
" 
.02 (0.040) 13 PlCSI 


1.14 {O.0451 
_ 
14010f1, 
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Description 
The HCPL-5200, HCPL-5201, 
and 5962-8876801PX are single 
channel, logic gate optocouplers. 
The HCPL-5230, HCPL-5231 
and 5962-8876901PX are dual 
channel units made from the 
same chip sets. All six products 
are in eight pin hermetic dual 
in-line packages. These units 
are capable of operation and 
storage over the full military 
temperature 
ranges and can be 
purchased 
as either single or 
dual channel standard 
product 
(HCPL-5200 and HCPL-5230 
respectively), with full MIL-H- 
38534 Class Level H testing 
(HCPL-5201 and HCPL-5231 
respectively), or from the DESC 
Standard 
Military Drawings 
(SMDs) 5962-88768 and 5962- 
88769 as (5962-8876801PX or 
5962-8876901PX respectively). 
All parts are normally shipped 
with gold plated leads. They are 
also available with solder 
dipped leads by replacing C 
with A in the SMD part #, or by 
adding option #200 to the part 
number for non-SMD parts. 


0.20 
(O.OOB) 


RAD.fYP. 
120 PlCSj 


I --J 
~O.5' 
10.020) 
'\ 
METALIZED CASTEllATlON$ 
~~________ 
(20PLCS) 


1,52(O.0601~ 
2.0310,080) 
~ 
I 


The HCPL-6230 and HCPL- 
6231 and 5962-88769022A parts 
are in twenty terminal 
hermetic, ceramic, leadless chip 
carriers. The standard 
part is 
HCPL-6230. The product with 
full MIL-H-38534 Class Level H 
testing is HCPL-6231. These 
dual channel devices are 
configured and function as two 
independent 
single channels. 
Devices are delivered with 
solder dipped terminals 
as a 
standard feature. Units may 
also be purchased with gold- 
plated terminals. 


Each channel contains an 
AlGaAs light emitting diode 
optically coupled to an 
integrated 
high gain photon 
detector. The detector has a 
threshold with hysteresis. The 
hysteresis 
provides differential 
mode noise immunity and 
eliminates the potential for 
output signal chatter. The 
detector in the single channel 
units has a three state output 
stage which allows for direct 
connection to data buses. The 


output is non-inverting. 
The 
detector IC has an electric 
shield that provides a 
guaranteed 
common mode 
transient 
immunity of up to 
10,000 V/~. Improved power 
supply rejection eliminates the 
need for special power supply 
bypass precautions. 


All devices are guaranteed 
to 
operate over a Vee range of 4.5 
Volts to 20 Volts. Low IF and 
wide Vee range allow compati- 
bility with TTL, LSTTL, and 
CMOS. Logic low IF and low Ice 
result in lower power consump- 
tion compared to other high' 
speed optocouplers. Logic 
signals are transmitted 
with a 
typical propagation 
delay of 100 
nsec when used in the circuit of 
Figure 11. 


These units are useful for 
isolating high speed logic 
interfaces, buffering of input 
and output lines, and imple- 
menting isolated line receivers 
in high noise environments. 


The test programs 
on the 5962- 
8876801PX 
and 5962- 


8876901PX 
are in compliance 


with DESC (SMDs) 5962-88768 
and 5962-88769 
respectively. 


The electrical 
characteristics 


table shows Group A Subgroup 
testing 
requirements 
from these 
drawings. 


certified line and are included 
in 


the DESC Qualified 
Manufac- 


turers 
List (QML) in accordance 


with requirements 
for MIL-H- 


38534. 
All devices are manufactured 
and tested on a MIL-STD-1772 
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Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vcc 
4.5 
20 
Volts 


Input Current 
(High) 
IF(ON) 
2 
8 
mA 


Input Voltage (Low) 
VF(OFF) 
0 
0.8 
Volts 


FanOut 
N 
4 
TTLLoads 


Enable Voltage High 
VEH 
2.0 
20 
Volts 


Enable Voltage Low 
VEL 
0 
0.8 
Volts 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 
Operating 
Temperature 
-55°C to + 125°C 
Case Temperature 
- Tc 
+170°C 
Lead Solder Temperature 
260°C for 10 s 
Junction 
Temperature 
(TJ) 
+175°C 
Average Forward 
Current 
- IF AVG •••••••••••••••••••••••••••••••••••••••••••••• 
8 mA 
Peak Input Current 
- IF PK •••••••••••••••••••••••••••••..••..•••••••••••••••••• 
20 mAU) 
Reverse Input Voltage - VR••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3 V 
Supply Voltage - Vcc 
0.0 V min., 20 V max. 
Average Output 
Current 
- I~ (per channel) 
15 mA 
Output 
Voltage - Vo 
0.3 V min., 20 V max. 


Total Package 
Power Dissipation 
- Pd (per channel) 
200 mW 
Single 
Channel 
Product 
Only 
Three State Enable Voltage - VE 
-0.3 V min., 20 V max. 


Electrical Characteristics 
TA = -55°C to 125°C, unless otherwise 
specified. For 4.5 V :::;Vcc :::;20 V, 2 mA:::; IF(ONl :::;8 mA, 0 V :::;VF(OFF) 
SO.8V 


Group 
A 


Parameter 
Sym. 
Test 
Conditions 
Subgroups,n) 
Min. 
Typ.* 
Max. 
Units 
Fig. 
Notes 


Logic Low Output 
Voltage 
VOL 
IOL= 6.4 mA (4 TTL Loads) 
1,2,3 
0.5 
Volts 
1,3 
2 


IOH= -2.6 mA 
** 
Volts 
Logic High Output 
Voltage 
VOH 
(**VOH= Vcc - 2.1 V) 
1,2,3 
2.4 
2,3 
2 


IOH= -0.32 mA 
NA 
3.1 
Volts 


Output 
Leakage 
Current 
IORR 
Va =5.5V 
IF =8mA 
100 
f!A 


(VOUT>Vcc) 
Vcc =4.5 V 
1,2,3 
2 
Va =20V 
500 
f!A 


Single 
Vcc=5.5V 
VF =OV 
4.5 
6.0 
mA 
Channel 
VE = Don't Care 
1,2,3 
Logic Low 
(5962-88768) 
Vcc = 20 V 
5.3 
7.5 
mA 
Supply 
IeCL 


Current 
Dual 
Vcc = 5.5 V 
9.0 
12.0 
mA 
Channel 
V.,=V,,=OV 
1,2,3 
(5962-88769) 
Vcc = 20V 
10.6 
15 
mA 


Single 
Vcc = 5.5 V 
IF = 8 mA 
2.9 
4.5 
mA 
Channel 
VE = Don't Care 
1,2,3 
Logic High 
(5962-88768) 
Vcc =20V 
3.3 
6.0 
mA 
Supply 
ICeR 


Current 
Dual 
Vcc=5.5V 
5.8 
9.0 
mA 
Channel 
I.,=I,,=8mA 
1,2,3 
(5962-88769) 
Vcc = 20V 
6.6 
12.0 
mA 


Logic Low 
Va = Vcc = 5.5 V 
20 
mA 
Short Circuit 
IOSL 
VF =OV 
1,2,3 
2,3 
Output 
Current 
Vo=Vcc=20V 
35 
mA 


Logic High 
Vcc = 5.5 V 
IF = 8 mA 
-10 
mA 
Short Circuit 
IOBH 
Vo=GND 
1,2,3 
2,3 


Output 
Current 
Vcc=20V 
-25 
mA 


Input 
Forward 
Voltage 
VF 
IF = 8 mA 
1,2,3 
1.0 
1.3 
1.8 
Volts 
4 
2 


Input 
Reverse 
VR 
IR = 10 f!A 
1,2,3 
3 
Volts 
2 
Breakdown 
Voltage 


Input-Output 
Insulation 
11_0 
45% RH, t = 5 s, 
1 
1 
f!A 
4,5 
V1•0 = 1500 Vde 


Propagation 
Delay Time 
tpHL 
9,10,11 
173 
300 
ns 
5,6, 
2,6 


to Logic Low Output 
Level 


Propagation 
Delay Time 
tPLH 
9,10,11 
118 
300 
ns 
5,6, 
2,6 
to Logic High Output 
Level 


Logic High 
Common Mode 
ICMHI IF = 2 mA 
9 
1000 
10,000 
V/lls 
9 
2,7 
Transient 
Immunity 
VCM = 50 VF,p 


Logic Low 
Common Mode 
ICMLI 
IF = 0 mA 
9 
1000 
10,000 
V/lls 
9 
2,7 
Transient 
Immunity 
VCM = 50 Vp,p 
• 


Electrical Characteristics 
Single Channel Product Only 
T A = -55°C to 125°C, unless otherwise 
specified. 
For OV $ VF\OFF)$ 0.8 V, 4.5 V $ Vcc $ 20V, 
2 mA$ 
IF(ON)$ 8 mA, 2.0 V $VEH $ 20V, 
OV $ VEL $ 0.8 V 
unless otherwise 
specified. 


Group 
A 
Parameter 
Sym. 
Test 
Conditions 
Subgroups 
Min. 
Typ •• 
Max. 
Units 
Fig. 
Notes 


IoZL 
Vo = 0.4 V 
VEN= 2V, 
1,2,3 
-20 
IlA 


High Impedance 
VF = OV 


State 
Output 
Vo = 204 V 
20 
IlA 
Current 
IOZH 
Vo= 5.5V 
VEN= 2V, 
1,2,3 
100 
IlA 
Ip=8mA 
Vo = 20V 
500 
IlA 


Logic High Enable 
VEH 
1,2,3 
2.0 
Volts 
Voltage 


Logic Low Enable 
VEL 
1,2,3 
0.8 
Volts 
Voltage 


VEN=2.7V 
20 
IlA 


Logic High Enable 
IEH 
VEN= 5.5 V 
1,2,3 
100 
IlA 
Current 
VEN=20V 
0.004 
250 
IlA 


Logic Low Enable 
IEL 
VEN=Oo4V 
1,2,3 
-0.32 
mA 
Current 


Typical Characteristics 
All typical 
values 
are at Vcc = 5 V, TA = 25°C), 
IFroN)= 5 mA unless 
otherwise 
specified. 


Parameter 
Symbol 
Test 
Conditions 
Typ. 
Units 
Fig. 
Notes 


Input Current 
Hysteresis 
IHyS 
Vcc = 5 V 
0.07 
mA 
3 
2 


tJ.VF 
mV/oC 
2 
Input Diode Temperature 
Coefficient 
-- 
IF=8mA 
-1.25 
tJ.TA 
Input-Output 
Resistance 
R,.o 
VI.O = 500 Vdc 
1013 
n 
2,8 


Input-Output 
Capacitance 
CI.o 
f= 1 MHz 
2.0 
pF 
2,8 


Input Capacitance 
CrN 
f = 1 MHz, VF = 0 V 
20 
pF 
2,10 


Output 
Rise Time (10-90%) 
t, 
45 
ns 
5, 7 
2 


Output 
Fall Time (90-10%) 
t, 
10 
ns 
5, 7 
2 


Output 
Enable Time to Logic High 
tpZH 
30 
ns 
8 


Output 
Enable Time to Logic Low 
tpZL 
30 
ns 
8 


Output 
Disable Time from Logic High 
tpHZ 
45 
ns 
8 


Output 
Disable Time from Logic Low 
tpLZ 
55 
ns 
8 


45% Relative Humidity, 
Input-Input 
Insulation 
Leakage Current 
I,.] 
VI.' = 500 Vdc, TA = 25°C, 
0.5 
nA 
9 
t=5s 


Resistance 
(Input-Input) 
R,.! 
V,., = 500 Vdc 
1013 
n 
9 


Capacitance 
(Input-Input) 
CI.I 
f= 1 MHz 
1.5 
pF 
9 


Notes: 
1. Peak Forward 
Input Current 
pulse width < 50 fls at 1 KHz maximum 
repetition 
rate. 


2. Each channeL 
3. Duration of output short circuit time not to exceed 10 ms. 
4. Device considered 
a two terminal 
device: for 8 pin DIP, pins 1 through 4 are shorted together, 
and pins 5 through 
8 are 
shorted together; 
for LCC, terminals 
19, 20, 1, 2, 3 are shorted together, 
and terminals 
7 through 
15 are shorted together. 
5. This is a momentary withstand 
test1 not an operating condition. 


6. tpHL propagation 
delay is measured 
from the 50% point on the leading edge of the input pulse to the 1.3 V point on the 
leading edge of the output pulse. The tPLV propagation 
delay is measured 
from the 50% point on the trailing 
edge of the input 
pulse to the 1.3 V point on the trailing 
edge of the output pulse. 
7. CML is the maximum 
rate of rise of the common mode voltage that can be sustained 
with the output voltage in the logic low 
state (Vo < 0.8 V). CMH is the maximum 
rate of fall of the common mode voltage that can be sustained 
with the output 
voltage in the logic high state (V0 > 2.0 V). 
8. Measured 
between each input pair shorted together 
and all o'utputs for that channel shorted together. 
9. Measured 
between adjacent input pairs shorted together; Le., for 8 pin DIP, between pins 1 and 2 shorted together 
and pins 


3 and 4 shorted together; 
for LCC, between terminals 
19 and 20 shorted together, 
and terminals 
2 and 3 shorted together. 
10. Zero-bias capacitance 
measured 
between the LED anode and cathode. 
11. Standard 
parts receive 100% testing at 25°C (Subgroups 
1 and 9). SMD and/883B 
parts receive 100% testing 
at 25,125, 
and 
-55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 
• 
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Figure 1.Typical Logie Low Output 
Voltage vso Temperature 
Figure 2. Typical Logie High Output 
Current vs. Temperature 
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Figure 3. Output Voltage vs. 
Forward Input Current 
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Commercial 
Product 
Class 
H Product 
DESC 
Product 
Class 
K Product 


HCPIr5200 
HCPIr5201 
5962-8876801PX 
TBD 


HCPIr5230 
HCPIr5231 
5962-8876901PX 
TBD 


HCPIr6230 
HCPIr6231 
5962-88769022A 
TBD 


5962-8876801PX, 
5962-8876901PX, 
5962-88769022A 
and 
MIL-H-38534 
Class H 
Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers 
are in compliance 


with MlIrH-38534 
and DESC 
SMD's 5962-88768 and 5962- 
88769. 


Testing 
consists of 100% screen- 
ing and quality conformance 
inspection 
to MlIrH-38534. 


• 


Part Marking Orientation 
for HCPL-52XX and HCPL-623X Base Product and 
Related DESC Productss 


HCPL-5200 
ESD Class 1 


HCPL-5201 
5962-8876801PX* 
ESD Class 1 


HCPL-5230 
ESD Class 3 


HP Logo--+ 
HP 
YYWWZ 
Eo-Date Code, Suffix (if needed) 
HCPL-5200 
Eo-HPPIN 
Pin One!--+ 
A 
USA 
Eo-Country 
of Mfr. 
ESD Ident 


HP Logo-+ 
HP 
QYYWWZ 
Eo-Compliance 
indicator, 
HPPIN 
--+ 
5201l883B 
Date Code, Suffix (if needed) 
DESCSMD--+ 
5962-88768 
DESCSMD--+ 
OlPX 
USA 
Eo-Country 
of Mfr. 
Pin One!--+ 
A 
50434 
Eo-HPFSCN 
ESD Ident 


HP Logo--+ 
HP 
YYWWZ 
Eo-Date Code, Suffix (if needed) 
HCPL-5230 
Eo-HPPIN 
Pin One!--+ 
• 
USA 
Eo-Country 
of Mfr. 
ESD Ident 


HCPL-5231 
HP Logo--+ 
HPQYYWWZ 
Eo-Compliance 
Indicator, 
5962-8876901PX* 
HP PIN-+ 
52311883B 
Date Code, Suffix (if needed) • 


ESD Class 3 
DESCSMD 
--+ 
5962-88769 
DESCSMD 
--+ 
OlPX 
USA 
Eo-Country 
of Mfr. 
Pin One!--+ 
• 
50434 
Eo-HPFSCN 
ESD Ident 


HCPL-6230 
YYWWZ 
Eo-Date Code, Suffix (if needed) 


ESD Class 1 
Pin One!--+ 
A 
USA 
Eo-Country 
of Mfr. 


ESD Ident 
HCPL-6230 
Eo-HPPIN 
HP 
Eo-HP Logo 


HCPL-6231 
5962-88769022A 
ESD Class 1 


HP Logo--+ 
HP PIN-+ 
Pin One!--+ 
ESD Ident 
Country 
of Mfr. --+ 


HPQYYWWZ 
62311883B 
A 
5962- 
88769022A 
USA 50434 


Eo-Compliance 
Indicator, 
Date Code, Suffix (if needed) 


Eo-DESCSMD 
Eo-DESCSMD 
Eo-HPFSCN 


Fh;' HEWLETT 
~~ 
PACKARD 


Very High Speed, 
Hermetically 
Sealed 
Optocoupler 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534 
• Hermetically 
Sealed 


. Packages 
• Performance 
Guaranteed 
Over -55°C to +12!J>C 
• MIL-H-38534 Class H 
• High Speed Guaranteed 
Over Temperature 
• 60 ns Maximum 
Propagation 
Delay 
• 35 ns Maximum 
Pulse 
Width Distortion 
• High Common Mode 
Rejection 
- 500 V/IlS 
Guaranteed 
• Compatible 
with TTL, 


STTL, LSTTL and HCMOS 
Logic Families 
• Three State Output 
(No 
Pull-Up Resistor 
Required) 
- (5400/1 Only) 
• HCPL-2400/30 Function 
Compatibility 
• 1500 Vdc Withstand 
Test 
Voltage 
• Reliability 
Data Available 
• Very Low CTR 
Degradation 


• Active (Totem-Pole) 
Outputs 


Applications 
• MilitarylHigh 
Reliability 
Systems 
• Isolation 
of High Speed 
Logic Systems 
• Computer-Peripheral 
Interfaces 


Outline Drawings 


8 PIN CERAMIC DUAL-IN-UNE 
PACKAGE 


9.40 (0.370) 
] 


[ 
9.9010.390) 
0.51 IO.020Il 


MIN. 
rm 


~IO'1701 
---.-1.•·.J~AX. 


I 
I 
-r-r 


I 
I 
II---tJ .•"o.'501 


~ 
_~ 
MIN. 


2.29(0.090) 
0.51 (0.0201 
2.79(if.'i"iO 
MAX. 


8· pin Dual 
In·Line Package 
HCPL·5400 
HCPL·5401 (883B) 
5962·8957001PX 
HCPL-5430 
HCPL-5431 (883B) 
5962-8957101PX 
20 Terminal Leadless 
Chip Carrier 
HCPL-6430 
HCPL·6431 (883B) 
5962·89571022A 


• Isolated 
Bus Driver 
(Networking 
Applications) 


- (5400/1 Only) 


• Space Level Processing 
Available 
• Transportation 
and Life 
Critical 
Systems 


• Switching 
Power 
Supplies 
• Ground 
Loop Elimination 
• High Speed Disk Drive I/O 
• Digital 
Isolation 
for AID, 
DIA Conversion 
• Pulse Transformer 
Replacement 


n 


8.13 


(0.320) 
MAX. 


" 


7.37(0.290) 
7.87 (0.310) 
0.20 to.008) 
I 
o:J3~:l-l 
t 


HCPL·5400 
HCPl-5401 


5962-8957001 PC 


HCPl-5430 
HSCPL4S431 


5962-8957101PC 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


6-328 


20 TERMINAL 
CERAMIC 
LEADLESS 
CHIP CARRIER U 
8.7010.342'id 
9.10 (0.358) 


127100501 
~4.95(O.19!.!.~ 
i19 ~vl~;I'1 
1.78 (0.070) 
5.21(0.2051 
~ 
2.03 (0.080) 
1 
,1.02 
(0.040113 PlCSI 


1.14(0.045) 
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1.40 (0.0551 


T· 
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Description 
The HCPL-5400, HCPL-5401, 
and 5962-8957001PC are single 
channel, logic gate optocouplers. 
The HCPL-5430, HCPL-5431, 
and 5962-8957101PC are dual 
channel units made from the 
same chip sets. All six products 
are in 8 pin hermetic dual in- 
line packages. These units are 
capable of operation and storage 
over the full military tempera- 
ture ranges and can be pur- 
chased as either single or dual 
channel standard 
product 


(HCPL-5400 and HCPL-5430 
respectively), with full MIL-H- 
38534 Class Level H testing 
(HCPL-5401 and HCPL-5431 
respectively), or from the DESC 
Standard Military Drawings 
(SMDs) 5962-89570 and 5962- 
89571 as (5962-8957001PC or 
5962-8957101PC respectively). 
All parts are normally shipped 
with gold plated leads. They are 
also available with solder 
dipped leads by replacing C 
with A in the SMD part #, or by 
adding option #200 to the part 
number for non-SMD parts. 


0.20 (0,008) 


RAD. TYP. 
(20 PLCS) 


I -J 
r..-O.Sl 
(0.020) 
" 
METALLIZED CASTELLATIONS 
L....:.-_-------_ 
(20 PLCS.) 


1.5210.060)~ 
2.03(0.080) 
~ 
r- 


The HCPL-6430, HCPL-6431, 
and 5962-89571022A are dual 
channel parts in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6430. 
The product with full MIL-H- 
38534 Class Level H testing is 
HCPL-6431. The DESC SMD 
part is 5962-89571022A All 
three products are configured 
and function as two 
independent 
single channels 
without enable. Devices are 
delivered with solder-dipped 
terminals as a standard feature. 
Units may also be purchased 
with gold-plated terminals. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements 
for MIL-H- 


38534. 


Each channel contains an 
AlGaAs light emitting diode 
which is optically coupled to an 
integrated high gain photon 


detector. This combination 
results in very high data rate 
capability. The detector has a 
threshold with hysteresis. The 
hysteresis provides typically 
0.25 mA of differential mode 
noise immunity and minimizes 
the potential for output signal 
chatter. The detector in the 
single channel units has a three 
state output stage which 
eliminates the need for a pull- 
up resistor and allows for direct 
drive of a data bus. 


All nine units are compatible 
with TTL, STTL, LSTTL, and 
HCMOS logic families. The 35 
ns pulse width distortion 
specification guarantees 
a 10 
mBaud signaling rate at +125°C 
with 35% pulse width distortion. 
Figures 11 through 16 show 
recommended circuits for 
reducing pulse width distortion 
and optimizing the signal rate 
ofthe product. 


CAUTION: 
The small juru:tion 
sizes inherent 
to the design 
of this bipolar 
component 
iru:reases the component's 
susceptibility 
to 
damage 
{rom electrostatic 
discharge 
(ESD). 
It is advised 
that normal 
static precautions 
be taken 
in handling 
and assembly 
of 


this component 
to prevent 
damage 
and lor degradation 
which 
may be induced 
by ESD. 


• 


Schematics 


8 PIN CERAMIC DIP SINGLE CHANNEL SCHEMATIC 
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Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply Voltage 
Vee 
4.75 
5.25 
Volts 


Input Current 
(High) 
Ip(ON) 
6 
10 
mA 


Input Voltage (Low) 
VpCOPP) 
- 
0.7 
Volts 


Fan Out (each channel) 
N 
- 
5 
TTL Loads 


Single Channel Product Only 


Enable Voltage (Low) 
VEL 


Enable Voltage (High) 
VEH 


Volts 


Volts 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 


Operating 
Temperature 
-55°C to + 125°C 
Case Temperature 
- Te 
+170°C 


Lead Solder Temperature 
260°C for 10 s 


(1.6 mm below seating plane) 
Average Forward 
Current 
- Ip AVO 
••••••••••••••••••••••••••••••••••••••••••••• 
10 mA 
Peak Input Current- 
IpPK 
20 mArl] 


Reverse Input Voltage - VR •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3 V 
Supply Voltage - Vee 
0 V min., 7.0 V max. 
Average Output 
Current 
- 10 
-25 mA min., 25mA max. 
Output 
Voltage - Vo 
-0.5 V min., 10 V max. 


Output 
Power Dissipation 
- Po (per channel) 
130 mW 
Total Package 
Power Dissipation 
Pd •••••••••.••••••.••••••••••••••••••••• 
.400 mW 
Single Channel Product Only 
Three State Enable Voltage - VE •••••••••.••••••.••• 
-0.5 V min., 10 V max. 
I 


Electrical Characteristics 
TA = -55°C to 125°C, 4.75 V ~ Vcc ~ 5.25 V, 6 mA ~ IFIONI~ 10 mA, 0 V ~ VFIOFFJ~ 0.7 V, unless 
otherwise 
specified. 


GroupA[lOI 


Parameter 
Sym. 
Test Conditions 
Subgroup 
Min. 
Typ •• Max. 
Units 
Fig. 
Notes 


Logic Low Output 
Voltage 
VOL 
10L= 8.0mA 
1,2,3 
0.5 
Volts 
1 
9 
(5 ITL Loads) 


Logic High Output 
Voltage 
VOH 
10H= -4.0 mA 
1,2,3 
2.4 
Volts 
2 
9 


Output 
Leakage 
Current 
10HH 
Vo = 5.25 V, 
1,2,3 
100 
~ 
9 
VF = 0.7V 


Single 
19 
26 
Logic Low 
Channel 
Supply Current 
ICCL 
1,2,3 
mA 
- 


Dual 
38 
52 
14 
Channel 
Vcc = 5.25 V 
VE = 0 V (Single 
Single 
Channel 
Only) 
17 
26 
Logic High 
Channel 
Supply Current 
ICCH 
1,2,3 
mA 
- 


Dual 
34 
52 
14 


Channel 


Input Forward Voltage 
VF 
IF = 10 mA 
1,2,3 
1.0 
1.35 
1.85 
Volts 
4 
9 


Input Reverse Breakdown 
VR 
IR = 10 ~ 
1,2,3 
3.0 
7.0 
Volts 
9 
Voltage 


Input-Output 
Insulation 
11_0 
45% RH, t = 5 s, 
1 
1 
l!A 
2,3 


Leakage 
Current 
V1_O = 1500 Vdc 


Propagation 
Delay Time 
tpHL 
9,10,11 
33 
60 
ns 
5,6, 
4,9 


Logic Low Output 
Level 
7 


Propagation 
Delay Time 
tpLH 
9,10,11 
30 
60 
ns 
5,6, 
4,9 
Logic High Output 
Level 
7 


Pulse Width Distortion 
PWD 
9,10,11 
3 
35 
ns 
5,6, 
4,9 


7 


Logic High 
Common Mode 
ICMHI IF = 0 
9,10,11 
500 
3000 
V/l!s 
11 
5,9, 


Transient 
Immunity 
VCM=50 Vp.P 
11 


Logic Low 
Common Mode 
ICMLI 
IF = 6 mA 
9,10,11 
500 
3000 
V/l!s 
11 
5,9, 


Transient 
Immunity 
VCM=50Vp.p 
11 


Guaranteed Performance 
T A = -55°C to 125°C 


I Propagation 
Delay Skew 
~~ 
~ 
~ 


Electrical Characteristics (continued) 


T A = -55°C 
to 125°C, 
4.75 V s; Vcc s; 5.25 V, 6 rnA s; IF (ON)S; 10 rnA, 0 V S; VF(OFF)S; 0.7 V, unless 
otherwise 


specified. 


GroupAIlOI 


Parameter 
Sym. 
Test 
Conditions 
Subgroup 
Min. 
Typ •• 
Max. 
Units 
Fig. 
Notes 


Logic High Enable 
VEH 
1,2,3 
2.0 
Volts 


Voltage 


Logic Low Enable 
VEL 
1,2,3 
0.8 
Volts 


Voltage 


VE = 2.4 V 
1,2,3 
20 
~ 
Logic High Enable 
IEH 


Current 
VE = 5.25 V, 
1,2,3 
100 
J.lA 


Logic Low Enable 
IEL 
VE=O.4V 
1,2,3 
-0.28 
-0.4 
mA 


Current 


High Impedance 
Iccz 
Vcc = 5.25 V 
1,2,3 
22 
28 
mA 
State 
Supply 
VE = 5.25 V 


Current 


IoZL 
Vo = 0.4 V, 
1,2,3 
-20 
J.lA 
High Impedance 
VE=2V 
State 
Output 
Current 
Vo= 2.4 V 
20 
~ 
IOZH 
VE = 2V 
1,2,3 


Vo= 5.25 V 
100 
~ 
• 


Typical Characteristics 
All typical values are at Vcc = 5 V,TA = 25°C, IF = 8 mA unless otherwise specified. 


Parameter 
Symbol 
Typical 
Units 
Test 
Conditions 
Figure 
Note 


Input 
Current 
Hysteresis 
IHYS 
0.25 
mA 
Vcc = 5 V 
3 


Input 
Diode Temperature 
Coefficient 
I1VF 
-1.11 
mV;oC 
IF = 10 mA 
4 
I1T. 


Input-Output 
Resistance 
RI_o 
1012 
n 
V1.o= 500 Vdc 
2 


Input-Output 
Capacitance 
CI_D 
0.6 
pF 
f= 1 MHz, V1.o= 0 Vdc 
2 


Logic Low Short Circuit 
Output 
Current 
JOBL 
65 
mA 
Vo - Vcc- 
5.25 V, IF _10 
mA 
6,9 


Logic High Short Circuit 
Output 
Current 
IOBH 
-50 
mA 
Vcc - 5.25 V, IF - 0 mA, Vo - GND 
6,9 


Output 
Rise Time (10-90%) 
t, 
15 
ns 
5 


Output 
Fall Time (90-10%) 
t, 
10 
ns 
5 


Power Supply Noise Immunity 
PSNI 
0.5 
Vp.P 
48 Hz " f•• " 50 MHz 
7 


Single 
Channel 
Product 
Only 


Input 
Capacitance 
C1N 
15 
pF 
f= 1 MHz, VF = 0 V, Pins 2 and 3 


Output 
Enable 
Time to Logic High 
tpZH 
15 
ns 
8,9 


Output 
Enable 
Time to Logic Low 
tpZL 
30 
ns 
8,9 


Output 
Disable 
Time from Logic High 
tpHZ 
20 
ns 
8,9 


Output 
Disable 
Time from Logic Low 
tPLZ 
15 
ns 
8,9 


Dual 
Channel 
Product 
Only 


Input 
Capacitance 
C1N 
15 
pF 
f= 1 MHz, Vo= 0 V, Pins 
1 and 2, 
Pins 3 and 4 


Input-Input 
Capacitance 
Cr., 
1.3 
pF 
f= 1 MHz, Vp.= 0 V 
8 


Input-Input 
Leakage 
Current 
Ilot 
0.5 
nA 
V1.1= 500 Vdc, 45% RH 
8 


Input.Input 
Resistance 
Rio, 
1012 
ohms 
V1.1= 500 Vdc 
8 


Notes: 


1. Not to exceed 5% duty factor, not to exceed 50 !lsec pulse width. 
2. Device considered 
a two terminal 
device: for 8 pin DIP, pins 1 through 
4 are shorted 
together, 
and pins 5 through 
8 are 
shorted 
together; 
for LeC, terminals 
19, 20, 1, 2, 3 are shorted 
together, 
and terminals 
7 through 
15 are shorted 
together. 


3. This is a momentary 
withstand 
test, not an operating 
condition. 
4. t.HL propagation 
delay is measured 
from the 50% level on the rising edge of the input 
current 
pulse to the 1.5 V level on the 


falling edge of the output 
pulse. The tPLHpropagation 
delay is measured 
from the 50% level on the falling edge of the input 
current 
pulse to the 1.5 V level on the rising edge of the output.,Pulse. 
Pulse 
width distortion, 
PWD = 1tpHL-tpLHI. 


5. CMH is the maximum 
slew rate of the common mode voltage that can be sustained 
with the output 
voltage in the logic high 
state (VO(MIN) 
> 2.0 V). CML is the maximum 
slew rate of common mode voltage that 
can be sustained 
with the output 
voltage 


in the logic low state (VO(M.X)< 0.8 V). 
6. Duration 
of output 
short circuit time not to exceed 10 ms. 
7. Power Supply Noise Immunity 
is the peak to peak amplitude 
of the ac ripple voltage on the Vcc line that 
the device will 
withstand 
and still remain 
in the desired 
logic state. For desired 
logic high state, VOH(MIN) 
> 2.0 V, and for desired 
logic low 
state, 
VOL 
(MAX) < 0.8 volts. 


8. Measured 
between 
adjacent 
input 
pairs shorted 
together; 
Le., for 8 pin DIP, between 
pins 1 and 2 shorted 
together 
and pins 


3 and 4 shorted 
together; 
for LCC, between 
terminals 
19 and 20 shorted 
together, 
and terminals 
2 and 3 shorted 
together. 


9. Each channel. 
10. Standard 
parts 
receive 
100% testing 
at 25°C (Subgroups 
1 and 9). SMD and/883B 
parts 
receive 100% testing 
at 25, 125, and 


-55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


11. Subgroups 
10 and 11 shall be tested 
as part of device initial 
characterization 
and after design and process changes. 


Subgroups 
10 and 11 shall be guaranteed 
to the limits specified for all lots not specifically 
tested. 
Subgroup 
9 shall be tested 
with every lot. 


12. Propagation 
delay skew is defined as the difference between 
the minimum 
and maximum 
propagation 
delays for any given 
group ofHCPL-540X, 
HCPL-543X, 
and HCPL-643X 
optocouplers 
that 
are all switching 
at the same time under 
the same 


operating 
conditions. 
The minimum 
propagation 
delay is the shortest 
delay, either 
tPLUor tpHL,of any of the optocouplers; 
the 


maximum 
delay is the longest 
delay, either 
tpLHor tpHL'of any of the optocouplers. 
For more application 
information 
see 
HCPL-2430 
data sheet. 
13. Propagation 
delay skew is indirectly 
tested 
and guaranteed 
through 
guardbanding 
of the minimum 
and maximum 
tpHLand 
tPLH limits. 


14. The HCPL-6430 
and HCPL-6431 
dual channel 
parts 
function 
as two independent 
single channel 
units. 
Use the single 


channel 
parameter 
limits. 
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Figure 
1. Typical 
Logie Low Output 


Voltage 
VB. Logie Low Output 


Current. 


Figure 
2. Typical 
Logie High Output 
Voltage 
V8. Logie High Output 
Current. 


Vcc .• 5.0 V 


TA 
'"25·C 


- 


IOH =:-4mA 


IOL =8mA 


1000 


<: 
100 
E 
I...~ 
a: 
10 
a:il 
0a:<:~~ 
I 
.!: 
0.1 
• 


Figure 
30 Typical 
Output 
Voltage 
V8. 


Input 
Forward 
Current. 


PULSE 
GENERATOR 


tr= If=5 
ns 


f= 500 KHz 
25% DUTY 


CYCLE 


INPUT 


MONITORING 


NODE 


VA 


OUTPUT 


MONITORING 


NODE 


-= 
THE PROBE AND JIG CAPACITANCES 
ARE REPRESENTED 
BY 


Cl 
AND C2. 
ALL 
DIODES ARE 
lN4150 
OR EQUIVALENT. 


INPUT 
I 
(ON) 


'F 
\----------~__t-----50%1: 
(ON) 


IPLH-..j' 
::::.t 
tPHL 


90% -- 


Vcc 
5.0 V 


VA 


OUTPUT 


MONITORING 
1.3K 52 


NOOE 


THE PROBE ANO JIG CAPACITANCES ARE 
REPRESENTEDBY C, AND C2. 
ALL DIODES ARE lN4150 
OR EQUIVALENT. 


INPUT 
IF (ON) 


I, 
,,~ 
_ 
_ 
j 
50%I, ION' 


100 


0 
C, 
75 
>- 
~ 
0z0 
50 
~.,~ 
~ 
25 


,~ 


IF = SmA 
lice = 5V 


I 
~ ~ 


tplH 


I 


I 


PWD 


IF=8mA 
lice 
= 5V 
Cl= 
30pF 


I 


I 
I 
6 


~tP"L'H 


PWD 


100 


0c, 
75 
>- 
~ 
0z 
0 
50 
~.,~ 
~ 
25 
,~ 


40 


, 
30 
>- 
g 
20 
z0~., 
10 
~ 
0 
if, 


"'" 


~L- 


IplH 


\.. 
" 
"-- 
TA = 2S<C 
PWD =IPHl-1plH 


40 


0c 
30 
, 


>- 
~ 
0 
20 
z0~., 
10 
~ 
~,~ 


TA = 25 C 


'" 
tpHL 
.........- 
-- 
IIPLH 
• 


5.0 V 
T 
51 


5, 


CLOSED 


OPEN 


CLOSED 


CLOSED 


5, 


CLOSED 


CLOSED 


CLOSED 
OPEN 


'<1.5V 
Va, 


VaH 
., 1.5 V 


60 


c 
50 
I 
>- 
~ 
40 
0 
z0;:: 
30 
"""g; 
20 
::: 
w~ 
'"" 
'0 
~ 


0 
-55 
-25 


Vcc 
= 5 V 


CL '" 15 pF 


TpZL 


Figure 9. Typical Enable 
Propagation 
Delay 
V8. Ambient 


Temperature. 
(Single Channel 


Product 
Only). 


OUTPUT 
Vo 
MONiTORING 
NODE 


50 V 


OV 
VCM 


VOH 
SWITCH AT A: If'" 
0 mA 


VOMIN 
.•• V 
I\-VOMAX,u 


VOl--' 
\ •••••------------ 


SWITCH AT B:I~'" 6 mA 


'"TOTAL 
LEAD LENGTH < 10 mm FROM DEVICE 
UNDER 
TEST. 


uSEE 
NOTE 5. 
tCl 
IS APPROXIMATELY 
15 pF, WHICH 
INCLUDES 
PROBE AND 


STRAY 
WIRING 
CAPACITANCE. 


Figure 
11. Test Diagram 
for Common Mode Transient 
Immunity 
and Typical Waveforms. 


Figure 
13. Dual Channel 
Operating 
Circuit 
for Burn·In 
and Steady 
State Life Tests. 


ve~n: 
8 


PULSE 


GENERATOR 


CONDITIONS: 
IF 
= 10 mA, 
lee 
= 25 mA, 


10 = 25 mA, 
TA 
= +125°C 
• 


Commercial Product 
Class H Product 
DESC Product 
Class K Product 


HCPL-54oo 
HCPL-5401 
5962-895700 1PX 
TBD 


HCPL-5430 
HCPL-5431 
5962-8957101PX 
TBD 


HCPL-6430 
HCPL-6431 
5962-89571022A 
TBD 


5962-8957001PC, 
5962-8957101PC, 
5962-89571022A, and 
MIL-H-38534 Class H 
Test Programs 
Hewlett-Packard's 
Hi-ReI 
Optocouplers 
are in compliance 
with MIL-H-38534 
and DESC 
SMD's 5962-89570 
and 5962- 
89571. 


Testing 
consists of 100% screen- 
ing and quality 
conformance 
inspection 
to MIL-H-38534. 


Data Rate and Pulse- 
Width Distortion 
Def"mitions 
Propagation 
delay is a figure of 
merit which describes 
the finite 
amount 
oftime 
required 
for a 
system to translate 
information 
from input to output 
when 
shifting logic levels. Propagation 
delay from low to high (!Tw) 
specifies the amount 
of time 


-required for a system's 
output 
to 
change from a Logic 0 to a Logic 
1, when given a stimulus 
at the 
input. Propagation 
delay from 
high to low (tPHL) 
specifies the 
amount 
oftime 
required 
for a 
system's 
output to change from 
a Logic 1 to a Logic 0, when 
given a stimulus 
at the input 
(see Figure 5). 


When !Tw and tm.. differ in 
value, pulse width distortion 
results. 
Pulse width distortion 
is defined as Itm..-!Tw I and 
determines 
the maximum 
data 
rate capability 
of a distortion- 


limited 
system. Maximum 
pulse 
width distortion 
on the order of 
25-35% is typically used when 
specifying the maximum 
data 
rate capabilities 
of systems. 
The 
exact figure depends 
on the 
particular 
application 
(RS-232, 
PCM, T-1, etc.). 


These high performance 
optocouplers 
offer the advan- 
tages of specified propagation 
delay (!Tw, tm..), and pulse- 
width distortion 
( I !Tw - tm.. I ) 
over temperature 
and power 
supply voltage ranges. 


TOTEM 
POLE 


OUTPUT 
GATE 


(e.g. 54AS1000) 


DATA 
IN A 
• 


STTL 
OPEN 
COLLECTOR 
OUTPUT 
GATE 
(e.g. 
54505) 


TOTEM 
POLE 
OUTPUT 
GATE 
le.g. 
54AS1001 


DATA 
IN A 


DATA 
IN A 


8TTL 
OPEN COLLECTOR 
OUTPUT 
GATE 
(e.g. 54S05) 


Part Marking Orientation for HCPL·54XX and HCPL·643X Base Product and 
Related DESC Products 


HCPL-5400 
ESD Class 2 


HCPL-5401 
5962-8957001PX· 
ESD Class 2 


HCPL-5430 
ESD Class 3 


HPLogo~ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 
HPPIN 
~ 
HCPL-5400 
PinOne!~ 
.&.& USA 
~ Country 
of Mfr . 
ESD Ident 


HPLogo~ 
HP 
QYYWWZ 
~ Compliance 
Indicator, 
HPPIN 
~ 
5401l883B 
Date Code, Suffix (if needed) 
DESCSMD~ 
5962-89570 
DESCSMD~ 
OlPX 
USA 
~ Country 
of Mfr. 
Pin One! ~ 
.&.&50434 
~HPFSCN 
ESD Ident 


HPLogo~ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 
HPPIN 
~ 
HCPL-5430 
Pin One! ~ 
• 
USA 
~ Country 
of Mfr. 


ESD Ident 


HCPL-5431 
HPLogo~ 
HPQYYWWZ 
~ Compliance 
Indicator, 
5962-8957101PX· 
HPPIN 
~ 
54311883B 
Date Code, Suffix (if needed) • 


ESD Class 3 
DESCSMD~ 
5962-89571 
DESCSMD~ 
OlPX 
USA 
~ Country 
of Mfr. 
Pin One!~ 
• 
50434 
~HPFSCN 
ESD Ident 


HCPL-6230 
YYWWZ 
~ Date Code, Suffix (if needed) 
ESD Class 3 
Pin One! ~ 
• 
USA 
~ Country 
of Mfr . 
ESD Ident 
HCPL-6430 
~ HPPIN 
HP 
~ HPLogo 


HCPL-6231 
5962-89571022A 
ESD Class 3 


HPLogo~ 
HPPIN 
~ 
Pin One!~ 
ESD Ident 
Country 
of Mfr ~ 


HPQYYWWZ 
64311883B 
• 
5962- 
89571022A 
USA 50434 


~ Compliance 
Indicator, 
Date Code, Suffix (if needed) 
~DESCSMD 
~DESCSMD 
~HPFSCN 


rh~ HEWLETT 
~I''''' PACKARD 


Dual Channel High CMR High 
Speed Hermetically 
Sealed 
Optocouplers 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-Mll..-H-38534, 
Class H 
• Hermetically 
sealed 
16-pin 
Dual In-Line 
Package 
• Performance 
Guaranteed 
Over -55°C to +125"C 
• Mll..-H-38534 Class H 
• Internal 
Shield 
for Higher 
CMR; Selections 
Available 
• 1500 Vdc Withstand 
Test 
Voltage 
• High Radiation 
Immunity 
• HCPL-2631, 
-56XX, -66XX 
Function 
Compatibility 
• Reliability 
Data Available 
• Space 
Level Processing 
Available 
• Available 
with TXV or 
TXVB Part 
Marking 


Description 
The 6N134, 6N1341883B, and 
8102801EC units are hermet- 
ically sealed, high CMR, high 
speed optocouplers. The 
products are capable of opera- 
tion and storage over the full 
military temperature 
range and 


can be purchased as either a 
standard product (6NI34), with 
full MIL-H-38534 Class Level H 
testing (6NI341883B) or from 
the DESC Drawing 81028 as 
(8102801EX). All three products 
are dual channel in sixteen pin 
hermetic dual in-line packages. 
These parts are normally 
shipped with gold plated leads. 
They are also available with 
solder dipped leads by replacing 
C with A in the DESC part #, or 
by adding' option #200 to the 
part number for 883B marked 
parts. 


t---- 
20.06(0.790) 
~n 
•••. 


I 
_ 20:83(0.8201_~1J~~20)+ 


~ 
~ 4.45(0:1701 


~ 
,~ 
~ 
~ 
~ 
~ 
~ 
~_~ 
MAX. 


-: .~ 
"'::"-I~ 


2.29 
(0.0901 
2.79 (0.110) 
3.8~~N~501 


DIMENSIONS 
IN MILLIMETERS 
AND (INCHES) 


6N134 
6N134/883B 
8102801EX 


Each channel contains a GaAsP 
light emitting diode which is 
optically coupled to an 
integrated 
high speed photon 
detector. The output of the 
detector is an open collector 
Schottky clamped transistor. 
Internal 
shields provide a 
guaranteed 
common mode 
transient 
immunity specifica- 
tion of 1000 V/Jls. Selection for 
higher CMR values are avail- 
able by special request. 


i 


8.13 
(0.320) 
MT 


-1 


7.37(0.290) 
7.87(0.310) 
0.20 (0.008) 1 
o:33(O]j1~t 


11 


GNO 
10 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard 
field representative. 


This unique 
optocoupler 
design 


provides maximum 
dc and ac 


circuit isolation 
between 
each 


input and output 
while achiev- 


ing Tl'L circuit compatibility. 
These optocouplers 
operate 
such 


that a minimum 
input current 


of 10 mA in each channel 
will 


sink a six gate fanout (10 mA) 
at the output 
with 4.5 to 5.5 V 


Vcc applied to the detector. 
This 


isolation 
and coupling is 


achieved with a typical 
propagation 
delay of 55 nsec. 


The test program 
performed 
on 


the 8102801EX 
is in compliance 


with DESC Drawing 
81028. The 


electrical 
characteristics 
table 


shows Group A Subgroup 
testing 
requirements 
from this 


drawing. 


All devices are manufactured 
and tested 
on a MIL-STD-1772 


certified line and are included in 
the DESC Qualified 
Manufacturers 
List (QML) in 
accordance 
with requirements 
for MIL-H-38534. 


Applications 
• MilitarylHigh 
Reliability 
Systems 


+32~ 


v" 
~ 


1 
I 


... 
I 
I 
+36~ 


v" 
~ 


5 
I 
- 
I 
I 


NOTE: 
A 0.01 TO 0.1 j.tF BYPASS CAPACITOR 
MUST BE 
CONNECTED 
BETWEEN 
PINS 15 AND 10. 


Absolute Maximum Ratings 
Storage Temperature 
·65°C to + 150°C 


Operating 
Temperature 
-55°C to + 125°C 


Lead Temperature 
(soldering, 
10 seconds) 
+260°C 


Junction 
Temperature 
(T) 
+175°C 


Peak Forward 
Input Current 
(each channel) 
40 mA (:!>1ms Duration) 


Average Input Forward 
Current 
(each channel) 
20 mA 


Input Power Dissipation 
(each channel) 
35 mW 


Reverse Input Voltage (each channel) 
5 V 


Supply Voltage - Vcc 
7 V (l minute 
max.) 
Output 
Current 
- 10(each channel) 
25 mA 
Output 
Power Dissipation 
(each channel) 
40 mW 
Output 
Voltage - V0 (each channel) 
7 V· 


Total Power Dissipation 
(both channels) 
350 mW 


'Selection for higher output voltages up to 20 V is available. 


• Transportation 
and 
Life 
Critical 
Systems 
• Logic 
Ground 
Isolation 
• Line 
Receiver 
• Computer-Peripheral 


Interface 
• Vehicle 
Command/Control 
Isolation 
• Harsh 
Industrial 
Environments 
• System 
Test Equipment 
Isolation 


15 
vcc 
~14 
v" 


Parameter 
Symbol 
Minimum 
Maximum 
Units 


Input Current, 
Low Level, Each Channel 
IFL 
0 
250 
J1A 


Input Current, 
High Level, Each Channel 
IFH 
12.5· 
16 
mA 


Supply Voltage 
Vcc 
4.5 
5.5 
V 


Fan Out (@ Rr. = 4 kQ), Each Channel 
N 
5 
Tl'LLoads 


Operating 
Temperature 
TA 
-55 
125 
°C 


• 


Group A 
Limits 
Sub- 
Test 
Symbol 
Conditions 
groupS(1l1Min. Typ.** Max. Unit 
Fig. Note 


Low Level 
VOL• 
Vce = 5.5 V; IF = 10 mA 
1,2,3 
- 
0.4 
0.6 
V 
4 
1,9 


Output 
Voltage 
IOL= 10 mA 


Current 
Transfer 
hFCTR 
Va = 0.6 V; IF = 10 mA 
1,2,3 
100 
- 
% 
1 
Ratio 
Vce = 5.5V 


High 
Level Output 
IOH• 
Vce = 5.5 V; Vo = 5.5 V 
1,2,3 
- 
5 
250 
~de 
1 
Current 
IF=250~ 


High 
Level 
IceH• 
Vce = 5.5 V; IFI = I•.•= 0 ~ 
1,2,3 
- 
18 
28 
mAde 


Supply 
Current 


Low Level 
IceL• 
Vce = 5.5 V; IFI = I•.•= 20 mA 
1,2,3 
- 
26 
36 
mAde 


Supply 
Current 


1,2 
- 
1.55 
1.75 


Input 
Forward 
V' 
IF = 20 mA 
Vde 
1 
1 
F 


Voltage 
3 
- 
1.85 


Input 
Reverse 
VBa• 
IH= 10~ 
1,2,3 
5.0 
- 
V de 
1 
Breakdown 
Voltage 


Input 
to Output 
Via = 1500 V de 
Insulation 
Leakage 
1,.0· 
Relative 
Humidity 
= 45% 
1 
- 
1.0 
~de 
2, 10 
Current 
t = 5 seconds 


.Capacitance 
Between 
C1_O 
f = 1 MHz; Tc = 25°C 
4 
- 
4.0 
pF 
3 


Input/Output 


Propagation 
Delay 
9 
- 
100 
Time, 
Low to 
tPLll• 
RL = 510 Q; CL = 50 pF 
- 
ns 
2,3 
1,5 


High 
Output 
IF= 13 mA 
10,11 
- 
140 
Level 


Propagation 
Delay 
9 
- 
100 
Time, High to 
tPHL· 
RL = 510 Q; CL = 50 pF 
- 
ns 
2,3 
1,6 
Low Output 
IF= 13 mA 
10,11 
- 
120 
Level 


Output 
Rise Time 
tLH 
RL = 510 Q 
- 
90 
CL = 50 pF; 
9,10,11 
t- 
- 
ns 


Output 
Fan 
Time 
tHL 
IF = 13 mA 
- 
40 


Common 
Mode 
VCM = 50 V (peak); 
1,7, 


Transient 
ICMHI 
V 0;;;; 2 V minimum; 
9,10,11 
1000 
10000 
- 
Vl1s 
6 
11, 
Immunity 
at 
RL = 510 Q; 
12 


High 
Output 
Level 
IF=OmA 


Common 
Mode 
VCM = 50 V (peak); 
1,8, 
Transient 
ICMLI 
Va = 0.8 V max. 
9,10,11 
1000 
10000 
- 
Vl1s 
6 
11, 
Immunity 
at 
RL = 510 Q; 
12 
Low Output 
Level 
IF= 10 mA 


Parameter 
Symbol Min. 
Typ. Max. Units 
Test Conditions 
Fig. Note 


Input Capacitance 
CIN 
60 
pF 
VF=O,f= 
1 MHz 
1 


Input Diode Temperature 
6VF 
Coefficient 
-- 
-1.5 
mV/oC IF = 20 mA 
1 
6TA 


Resistance 
R!.o 
1012 
Q 
VI•O = 500V 
3 


(Input-Output) 


Input-Input 
Leakage 
II.! 
0.5 
nA 
Relative 
Humidity 
= 45% 
4 
Current 
VI•I = 500 V, t = 5 s 


Resistance 
(Input-Input) 
R!.! 
1012 
Q 
VI.l =500V 
4 


Capacitance 
(Input-Input) 
Cl.I 
0.55 
pF 
f= 1 MHz 
4 


Output 
Rise Time (10-90%) 
tr 
35 
ns 
I\. = 510 Q, CL = 15 pF 
1 
Output 
Fall Time (90-10%) 
t! 
35 
ns 
IF = 13 mA 


Notes: 
1. Each channel. 
2. Measured 
between 
pins 1 through 
8 shorted 
together 
and pins 9 through 
16 shorted 
together. 
3. Measured 
between 
pins 1 and 2 or 5 and 6 shorted together, 
and pins 10, 12, 14 and 15 shorted 
together. 
4. Measured 
between 
pins 1 and 2 shorted 
together, 
and pins 5 and 6 shorted 
together. 
5. The tnH propagation 
delay is measured 
form the 6.5 mA point on the trailing 
edge of the input 
pulse to the 1.5 V point on 


the trailing 
edge of the output 
pulse. 
6. The tpli• propagation 
delay is measured 
from the 6.5 mA point on the leading edge of the input pulse to the 1.5 V point on 
the leading edge of the output 
pulse. 


7. CMIt!s the max. tolerable 
common mode transient 
to assure 
that the output 
will remain 
in a high logic state (i.e., V0 > 
2.0 
v). 


8. CML is the max. tolerable 
common mode transient 
to assure 
that the output 
will remain 
in a low logic state (i.e., V0 < 0.8 V). 


9. It is essential 
that 
a bypass capacitor 
(0.1 /'F, ceramic) be connected 
from pin 10 to pin 15. Total lead length between 
both 


ends of the capacitor 
and the isolator 
pins should not exceed 20 mm. 


10. This is a momentary withstand test, not an operating condition. 
11. Standard 
parts receive 100% testing 
at 25°C (Subgroups 
1 and 9). SMD and /883B parts receive 100% testing 
at 25, 125, and 
_55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


12. Subgroups 
10 and 11 shall be tested 
as part of device initial characterization 
and after design and process changes. 


Subgroups 
10 and 11 shall be guaranteed 
to the limits specified in table I for all lots not specifically 
tested. 
Subgroup 
9 shall 
be tested 
with every lot. 


Figure 
1. Input 
Diode 
Forward 
Current 
vs. Forward 
Voltage 
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Figure 3. Propagation 
Delay, tpDL 
and tPLD vs. Pulse 
Input Current, 
IpD 
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8102801EC and MIL-H- 
38534 Class H Test 
Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers are in compliance 
with MIL-H-38534 and DESC 
drawing 81028. 


Testing consists of 100% 
screening and quality 
conformance to MIL-H-38534. 


Commercial 
ClassH 
DESC 
ClassK 
Product 
Product 
Product 
Product 


6N134 
6N134/883B 
8102801EX 
TBA • 


Part Marking Orientation for 6N134 Base Product and Related DESC 
Product 


6N134 
ESD Class 3 


6N1341883B 
8102801EX* 
ESD Class 3 


6N134TXV 
ESD Class 3 


6N134TXVB 
ESD Class 3 


HP Logo-) 
HPYYWWZ 
(- Date Code, Suffix (if needed) 
6N134 
(- HPPIN 
Pin One!-) • 
USA 
(- Country 
of Mfr. 


ESD Ident 


HPLogo 
-) 
HPQYYWWZ 
(- Compliance 
Indicator, 


HPP/N 
-) 
6N134/883B 
Date Code, Suffix (if needed) 
DESCSMD-) 
8102801EX 
Country 
of Mfr. -) 
USA 
Pin One!-) • 
50434 
(-HPFSCN 
ESD Ident 


CHYYWWZ 
(- Compliance 
Indicator, 


HPP/N 
-) 
6N134TXV 
Date Code, Suffix (if needed) 
Country 
of Mfr. -) 
USAHP 
(-HP 
Logo 
Pin One!-) • 
50434 
(-HPFSCN 
ESD Ident 


CHYYWWZ 
(- Compliance 
Indicator, 


HPP/N 
-) 
6N134TXVB 
Date Code, Suffix (if needed) 
USAHP 
(-HP 
~ogo 
Pin One!-) • 
50434 
(-HPFSCN 
ESD Ident 


rli~ HEWLETT 
~r.JIIIPACKARD 


HCPL·5600 
HCPL·5601 (883B) 
5962·9085501HPX 
HCPL·5630 
HCPL-5631 (883B) 
8102802PX 
(8·pin Dual In-Line Package) 


HCPL·6630 
HCPL·6631 (883B) 
81028032A 
(20 Terminal 
Leadless 
Chip 
Carrier) 


High CMR High Speed 
Hermetically 
Sealed 
Optocouplers 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military Drawing 


• Manufactured 
and Tested on 
a MIL·STD·1772 Certified 
Line 


• QML·MIL-H.38534, Class H 
• Performance 
Guaranteed 
Over -55°C to +125"C 
• MIL·H·38534 Class H 
• High Speed: 10M Bit/s 
• Internal 
Shield for High CMR, 


Special Selections 
Available 


• Open Collector 
Outputs 
.1500 Vdc Withstand 
Test 
Voltage 
• High Radiation 
Immunity 


• 6N134, 6N137, HCPL·2601, 


HCPL·2630/31 Function 
Compatibility 
• Reliability 
Data Available 


Applications 
• MilitarylHigh 
Reliability 
Systems 
• Isolated 
Input Line Receiver 
• Isolated 
Output 
Line Driver 
• System Test Equipment 
Isolation 
• Digital Logic Ground 
Isolation 


• Computer-Peripheral 
Interface 
• Level Shifting 
• Vehicle Command/Control 
Isolation 
• Space Level Processing 
Available 


• Transportation 
and Life 
Critical 
Systems 


9.40 (O.370) 
] 


[ 


9.90 (0.3901 
0.51 (0.020) 


Ml~ 


mi.. 


-14.3210.'.701 
-l 
MAX 


I 
I 
1 
t 


I 
I 
l 
i-t3.'IO'.501 
_ 
_ 
f---- 
MIN 


2.29 
(0.090) 
0.51 
(0,020) 
2,79~ 
MAX 


n 
8.13 


(0.320) 


MAX 


-I 


.7.37 (0.290) 
7.87 (0.3101 


0.20 (0.008) 
I 


(f3JWO-:l~ 


t 


For Gull-wing or Butt-joint 
lead form options, contact your local 
Hewlett-Packard 
field representative. 


Description 
These units are single and dual 
channel, 
hermetically 
sealed 
optocouplers. 
The products 
are 
capable of operation 
and storage 
over the full military 
tempera- 
ture range and can be pur- 
chased as either a standard 
product 
or with full MIL-H- 
38534 Class Level H testing. 
All 
devices are manufactured 
and 
tested on a MIL-STD-I772 
certified line and are included 
in the DESC Qualified Manu- 


facturers 
List (QML) in accord- 


ance with requirements 
for 
MIL- H-38534. 


The HCPL-5600, 
5601, 
5630 
and 5631 are in 8 Pin ceramic 
DIPs configured 
as either 
single 
or dual channel 
devices. The 
standard 
products 
are HCPL- 
5600 and HCPL-5630. 
The 
products 
with full MIL-H-38534 
Class Level H testing 
are 


HCPL-5601 
and HCPL-5631. 


I 


Outline Drawings 


8 Pin Ceramic 
DIP Dual Channel 
Schematic 
h::~~ 
:~:~::: 
~ 


~ 


4.9510.1951~ 
,.27~IO.050) 
52"fj'ij2ij5j 


119 PLCSj 
1.78(0.070) 
. 
. 
, 0210 0401(3 PlCS) 


2.0310.080) 
I 
I 
" 
. 


, .14(0.045) 
1.40 (O.OSS) 
T- 
t 


0.20 
{O.OOB} 


RAO. TYP. 
',(20 PlCSI 


I ---J 
~O.5110.020) 
'\ 
METALLIZED 
CASTElLATIONS 
..L-.:-~ 
---. 
(20 PLCS.) 


~(O.0601~ 
2.03(0.080) 
~ 
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The HCPL-6630 and 
HCPL-6631 parts are in twenty 
terminal hermetic, ceramic, 
leadless chip earners. The 
standard 
part is HCPL-6630. 


The product with full MIL-H- 
38534 Class Level H testing is 
HCPL-6631. These dual 
channel devices are configured 
and function as two 
independent 
single channels. 


Devices are delivered with 
solder dipped terminals 
as a 
standard feature. Units may 
also be purchased with gold 
plated terminals. 


Each channel contains a light 
emitting diode optically coupled 
to an inverting gate providing 
1500 Vdc electrical isolation 
between input and output. The 
output of the detector is an 
open collector schottky clamped 
transistor. 
Internal 
shields pro- 


vide a guaranteed 
common 
mode transient 
immunity speci- 
fication of 1000 V/lls at VCM = 
50 V. Selection for higher CMR 
values are available by special 
request. 
Contact your local HP 
field sales engineer for ordering 
information. 


~ 


2.1' 
! 


...•• ' 


vF_ 
/1 


3 


NOTE; 
A 0.01 TO 0.1 ~F BYPASS CAPACITOR 
MUST BE CONNECTED 
BETWEEN 


PINS 8 AND 5. 


INPUT 
ENABLE 
OUTPUT 


ON 
H 
L 
OFF 
H 
H 
ON 
L 
H 


OFF 
L 
H 


This unique design provides 
maximum D.C. and A.C. circuit 
isolation while achieving TTL 
circuit compatibility. The opto- 
coupler operational parameters 
are guaranteed 
from -55°C to 
+125°C, such that a minimum 
input current of 10 rnA per 
channel will sink a six gate fan- 
out (10 mA) at the output with 
4.5 to 5.5 V Vcc applied to the 
detector. This isolation and 
coupling is achieved with a typi- 
cal propagation delay of 55 nsec. 


NOTE: 
A 0.01 
TO 0.1 JJFBYPASS CAPACITOR 
MUST 
BE 


CONNECTED 
BETWEEN 
PINS 8 AND 
6. 


External to the unit, a O.OIIlF 
bypass capacitor must be con- 
nected between Vccand ground. 
A capacitor immediately adja- 
cent to each optocoupler is 
necessary. The power supply 
bus for the optocouplerCs) 
should be separate from the bus 
for any active loads, otherwise a 
larger value of the bypass 
capacitor Cupto O.IIlF) may be 
needed to suppress regenerative 
feedback via the power supply. 


NOTE: 
A ,01 TO 0.1 ~F BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
TERMINALS 7 AND 10 AND 
BETWEEN 12 AND 15. 


Parameter 
Sym. 
Min. 
Max. 
Units 
Input Current, 
Low Level 
IpL 
0 
250 
).lA 


Each Channel 
Input Current, 
High Level 
I"II 
12.51 
16 
mA 
Each Channel 
Supply Voltage, 
Vcc 
4.5 
5.5 
V 
Output 
Fan Out 
(TTL Load) 
N 
6 
Each Channel 


High Level 
VEil 
2.0 
Vcc 
V 
Enable Voltage 
Low Level 
Enable Voltage 
VEL 
0 
0.8 
V 


t 12.5 mA condition 
permits 
at least 20% CTR degradation 


guardband. 
Initial 
switching 
threshold 
is 10 mA or less. 


Absolute Maximum Ratings 
(No derating 
required 
up to +125° C) 
Storage Temperature 
-65°C to +150°C 
Operating 
Temperature 
-55°C to +125°C 
Junction 
Temperature 
175°C 
Lead Solder Temperature 
260°C for 10s 
Peak Foward Input Current 
(each channel) 
40 mA (~ 1 ms Duration) 
Average Input Foward Current 
(each channel) 
20 mA 
Input Power Dissipation 
(each channel) 
35 mW 
Reverse Input Voltage 
(each channel) 
5 V 
Supply Voltage - Vcc 
7 V (l minute 
maximum) 
Output 
Current, 
10 (each channel) 
25 mA 
Output 
Power Dissipation 
(each channel) 
40 mW 
Output 
Voltage, Vo (each channel) 
7 V 
Total Package 
Power Dissipation 
350 mW 


Single Channel Product 
Only 
Enable Input Voltage - VE 
5.5 V 
ESD Classification 
HCPL-5600/01 
Class 1 
HCPL-5630/31 
and 6630/31 
(MIL-STD-883, 
Method 3015) 
Class 3 I 


Group 
A 
Limits 
Test 
Sub- 
Parameter 
Sym. 
Conditions 
groupsl"] 
Min. 
Typ •• 
Max. 
Units 
Fig. 
Note 


High Level 
IOH 
Vcc = 5.5 V, Va = 5.5 V, 
1,2,3 
20 
250 
IIA 
3 
1 
Output 
Current 
Ip = 250 IIA 


Low Level 
VOL 
Vcc = 5.5 V, Ip = 10 mA 
1,2,3 
0.3 
0.6 
V 
1 
1,9 
Output 
Voltage 
IOL(Sinking) 
= 10 mA 


Logic 
Single 
ICCH 
Vcc= 
5.5 V, Ip = 0 
1,2,3 
9 
14 
mA 
1 
High 
Channel 
Supply 
Dual 
Vcc = 5.5 V, Ip = 0 
18 
28 
mA 
6 
Current 
Channel 


Single 
ICCL 
Vcc = 5.5 V, Ip = 20 mA, 
1,2,3 
13 
18 
mA 
1 
Logic 
Low 
Channel 


Supply 
Dual 
Vcc = 5.5 V, Ip = 20 mA 
26 
36 
mA 
6 
Current 
Channel 


Input 
Forward 
Vp 
Ip=20mA 
1,2,3 
1.5 
1.9 
V 
2 
1 
Voltage 


Input 
Reverse 
BVR 
IR = 10 !LA 
1,2,3 
5 
V 
1 
Breakdown 
Voltage 


Input-Output 
Iw 
V1_O= 1500 Vdc 
1 
1.0 
IIA 
2,8 
Leakage 
Current 
Relative 
Humidity 
= 45% 
TA = 25°C, t = 5 s 


Propagation 
t;.LH 
TA = 25°C 
RL= 510 n, 
9 
60 
100 
ns 
4,5 
1,5 


.Delay Time to 
CL = 50 pF, 
High Output 
IF = 13 mA, 


Level 
-55 to +125°C 
Vcc = 5 V 
10,11 
140 


Propagation 
t;.HL 
TA = 25°C 
9 
55 
100 
ns 
Delay Time to 
Low Output 
Level 
-55 to +125°C 
10,11 
120 


Common 
Mode 
ICMHI 
Vcw = 50 V (peak), Vcc = 5 V 
9 
1000 
>10000 
V/ILS 
8 
1,7 
Transient 
TA = 25°C, Vf 
(min.) = 2 V, 
Immunity 
at High 
RL = 510 n, F = 0 mA 
Output 
Level 


Common 
Mode 
ICMLI 
Vcw = 50 V (peak), Vcc = 5 V 
9 
1000 
>10000 
V/!Ls 
8 
1,7 
Transient 
TA = 25°C, VY,.(max.) = 0.8 V, 
Immunity 
at Low 
RL = 510 n, 
= 10 mA 
Output 
Level 


Low Level 
IEL 
VCC= 5.5 V, VE = 0.5 V 
1,2,3 
-1.45 
-2.0 
mA 
Enable 
Current 


High Level 
VEH 
1,2,3 
2.0 
V 
10 
Enable 
Voltage 


Low Level 
VEL 
1,2,3 
0.8 
V 
Enable 
Voltage 


Parameter 
Sym. 
Typ. 
Units 
Test Conditions 
Fig. 
Note 


Input Capacitance 
CIN 
60 
pF 
VF = 0, f= 1 MHz 
1 


Input Diode Temperature 
tNF 
-1.5 
mV/oC 
IF=20mA 
1 
Coefficient 
-- 
toTA 


Resistance 
(Input-Output) 
RI_o 
101• 
n 
V1_O= 500 V 
2 


Capacitance 
(Input-Output) 
CI_O 
1.0 
pF 
f= 1 MHz 
1,3 


Output Rise Time (10-90%) 
tr 
35 
ns 
RL= 510n, CL= 50 pF 
1 
IF = 13 mA 
Output 
Fall Time (90-10%) 
t, 
35 
ns 


Propagation 
Delay Time of 
~LH 
35 
ns 
RL= 510n, CL= 50 pF, 
6,7 
1,11 
Enable from VEHto VEL 
IF = 13 mA, VEH= 3 V, 


VEL=OV 
Propagation 
Delay time of 
~HL 
35 
ns 
6,7 
1,12 
Enable from VELto VEH 


Input-Input 
11_1 
0_5 
nA 
Relative Humidity 
= 45% 
4 
Leakage Current 
VI_I= 500 V, t = 5 s 


Resistance 
(Input-Input) 
R.-I 
1012 
n 
VI_I= 500 V 
4 


Capacitance 
(Input-Input) 
CI_I 
0_55 
pF 
f= 1 MHz 
4 


Notes: 
1.Each channel of a dual channel device. 
2. Deviceconsidered a two·terminal device:for 8 pin DIP, pins 1 through 4 are shorted together, aod pins 5 through 8 are 
shorted together; for LeC, terminals 19, 20, I, 2, 3 are shorted together, aod terminals 7 through 15 are shorted together. 
3. Measured between each input pair shorted together and all outputs for that channel shorted together. 
4. Measured between adjacent input pairs shorted together; Le.,for 8 pin DIP, between pins 1 aod 2 shorted together and pins 
3 aod 4 shorted together; for LeC, between terminals 19 and 20 shorted together, and terminals 2 aod 3 shorted together. 
5. tPH~.propagationdelay is measured from the 50%point on the leading edge of the input pulse to the 1.5V point on the 
leading edge of the output pulse. The tPLV propagation delay is measured from the 50%point on the trailing edge ofthe input 
pulse to the 1.5V point on the trailing eage of the output pulse. 
6. The HCPL-6630 aod HCPL-0631 dual channel parts function as two independent single channel units. Use the single 
channel parameter limits. 
7. CMListhe maximum rate ofrise of the commonmodevoltage that can be sustained with the output voltage in the logiclow 
state (Vp< 0.8 \1). CMq is the maximum rate of fail of the commonmodevoltage that cao be sustained with the output 
voltage In the logichigh state (V0 > 2.0 \1). 
8. This is a momentary withstaod test, not ao operating condition. 
9. It is essential that a bypass capacitor (.01 to O.lflF, ceramic)be connected from Vccto ground. Total lead length between 
both ends of this external capacitor aod the isolator pins should not exceed 20mm. 
10.No external pull up is required for a high logicstate on the enable input. 
11.The.~LHenable propagation delay is measured from the 1.5V point on the trailing edge of the enable input pulse to the 
1.5 V point on the trailing edge of the output pulse. 
12.The tEHLenable propagation delay is measured from the 1.5V point on the leading edge ofthe enable input pulse to the 
1.5V point on the leading edge of the output pulse. 
13.Standard parts receive 100%testing at 25°C(Subgroups 1 and 9). SMDand 883B parts receive 100%testing at 25, 125 aod 
-55°C (Subgroups 1 and 9, 2 aod 10, 3 and 11, respectively). 
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Figure 4. Propagation 
Delay 
VB. 
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Figure 3. High Level Output 
Current 
YS. Temperature. 
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Figure 
8. Test Circuit 
for Common Mode Transient 
Immunity 
and Typical Waveforms. 


Figure 
9. Single Channel 
Operating 
Circuit 
for Burn-In 
and Steady State Life Tests. 


Figure 
10. Dual Channel 
Operating 
Circuit 
for Burn-In 
and Steady-State 
Life Tests. 
• 


5962-9085501HPX, 
8102802PX, 81028032A, 
and MIL-H-38534 Class 
H Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers are in compliance 
with MIL-H-38534 and DESC 
drawings 81028 and 5962- 
90855. 


Testing consists of 100% screen- 
ing and quality conformance 
inspection to MIL-H-38534. 


Commercial 
Product 
Class H Product 
DESC Product 
Class K Product 


HCPL-5600 
HCPL-5601 
5962-908550 lHPX 
TBA 


HCPL-5630 
HCPL-5631 
8102802PX 
TBA 


HCPL-6630 
HCPL-6631 
81028032A 
TBA 


Part Marking Orientation for HCPL·56XXand HCPL-663XBase Product and 
Related DESC Products 


HCPL-5600 
HP Logo--+ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 


ESD Class 1 
HCPL-5600 
~HPPIN 
Pin One!--+ 
~ 
USA 
~ Country 
of Mfr. 


ESD Ident 


HCPL-5601 
HP Logo--+ 
HPQYYWWZ 
~ Compliance 
Indicator 
5962-9085501HPX· 
HP PIN --+ 
5601/883B 
Date Code, Suffix (if needed) 


ESD Class 1 
DESC SMD--+ 
5962-90855 
DESC SMD--+ 
OlHPXUSA 
~ Country 
of Mfr. 
Pin One!--+ 
••• 
50434 
~HPFSCN 
ESD Ident 


HCPL-5630 
HP Logo--+ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 


ESD Class 3 
HCPL-5630 
~HPPIN 
Pin One!--+ 
• 
USA 
~ Country 
of Mfr. 
ESD Ident 


HCPL-5631 
HP Logo--+ 
HPQYYWWZ 
~ Compliance 
Indicator 
8102802PX· 
HP PIN-+ 
5631/883B 
Date Code, Suffix (if needed) • 


ESD Class 3 
DESC SMD--+ 
8102802PX 
USA 
~ Country 
of Mfr. 


Pin One!--+ 
• 
50434 
~HPFSCN 
ESD Ident 


HCPL-6630 
YYWWZ 
~ Date Code, Suffix (if needed) 


ESD Class 3 
Pin One!--+ 
• 
USA 
~ Country 
of Mfr. 


ESD Ident 
HCPL-6630 
~HPPIN 
HP 
~ HP Logo 


HCPL-6631 
81028032A 
ESD Class 3 


HP Logo--+ 
HP PIN-+ 
Pin One!--+ 
ESD Ident 


HPQYYWWZ 
6631/883B 


• 
USA 
81028032A 
50434 


~ Compliance 
Indicator 
Date Code, Suffix (if needed) 


~ Country 
of Mfr. 
~DESCSMD 
~HPFSCN 


rh~ HEWLETT 
~r..JII PACKARD 


Dual Channel Line Receiver 
Hermetic Optocoupler 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534, Class H 
• Hermetically 
Sealed 
16-pin 
Dual In-Line 
Package 
• Performance 
Guaranteed 
Over -55°C to +125"C 
• MIL-H-38534 Class H 
• High Speed - 10 Mb/s 
• Accepts 
a Broad 
Range 
of 
Drive Conditions 
• Adaptive 
Line 
Termination 
Included 
• Internal 
Shield 
Provides 
Excellent 
Common Mode 
Rejection 
• External 
Base Lead Allows 


''LED Peaking" 
and LED 
Current 
Adjustment 
• 1500 Vdc Withstand 
Test 
Voltage 
• High Radiation 
Immunity 
• HCPL-2602 Function 
Compatibility 
• Reliability 
Data Available 
• Space Level Processing 
Available 


Description 
The HCPL-1930, HCPL-1931, 
and 5962-895720 lEX units are 
dual channel, hermetically 
sealed, high CMR, line receiver 
optocouplers. The products are 
capable of operation and storage 
over the full military tempera- 
ture range and can be pur- 
chased as either a standard 


3.81 1.1501j 


MIN. 


DIMENSIONS 
IN MILLIMETERS 
AND (INCHES). 


HCPL-1930 
HCPL·1931 (883B) 
5962-895720 lEX 


product (HCPL-1930), with full 
MIL-H-38534 Class Level H 
testing (HCPL-1931), or from 
the DESC Standard Military 
Drawing (SMD) 5962-89572 as 
(5962-8957201EX). All three 
products are sixteen pin 
hermetic dual in-line packages. 
They are normally shipped with 
gold plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
1[[--1 
8.13 


(0.320) 
~.:~ IO.~901 
MM. 
. 
10.10) 


_I 
Jl 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


the SMD part #, or by adding 
option #200 to the part number 
for non-DESC parts. 


Each unit contains two indepen- 
dent channels, consisting of a 
GaAsP light emitting diode, an 
input current regulator, and an 
integrated high gain photon 
detector. The input regulator 
serves as a line termination 
for 
line receiver applications. It 
clamps the line voltage and 
regulates the LED current so 
line reflections do not interfere 
with circuit performance. The 
regulator allows a typical LED 
current of 12.5 mA before it 
starts to shunt excess current. 
The output of the detector IC is 
an open collector Schottky 
clamped transistor. 
An enable 


input gates the detector. The 
internal detector shield provides 
a guaranteed 
common mode 
transient 
immunity specifica- 
tion of +1000 V/llsec. 


DC specifications are compat- 
ible with TTL logic and are 
guaranteed 
from -55°C to 
+125°C allowing trouble-free 
interfacing with digital logic 
circuits. An input current of 10 
mA will sink a six gate fan-out 
(TTL) at the output with a 
typical propagation delay from 
input to output of only 45 nsec. 


:~I' 
J 
If1 
I 


4 
BASE 
1 


5~1 
6_ 
~ 


", 


'" 


8 
BASE 2 
INPUT 
ENABLE 
OUTPUT 


ON 
H 
L 


OFF 
H 
H 


ON 
L 
H 


OFF 
L 
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Applications 
• MilitarylHigh 
Reliability 
Systems 
• Isolated 
Line Receiver 
• SimplexlMultiplex 
Data 
Transmission 
• Computer-Peripheral 
Interface 
• Microprocessor 
System 
Interface 
• Digital 
Isolation 
for AID, 
D/A Conversion 
• Current 
Sensing 
• Instrument 
Input/Output 
Isolation 
• Ground 
Loop Elimination 
• Pulse 
Transformer 
Replacement 


A 0.1 I<'FBYPASS 
CAPACITOR 
MUST 
BE CONNECTED 
BETWEEN PINS 10 AND 15 
(SEE NOTE 1). 


The test program performed on 
the 5962-8957201EC is in 
compliance with DESC (SMD) 
5962-89572. The electrical 
characteristics 
table shows 


Group A Subgroup testing 
requirements 
from this 
drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements 
for MIL-H- 
38534. 


CAUTION: 
The small junction 
sizes inherent 
to the design of this bipolar component 
increase the component's 
susceptibility 
to 
damage 
from electrostatic 
discharge 
(ESD). It is advised 
that normal 
static precautions 
be taken in handling 
and assembly 
of 


this component 
to prevent 
damage 
and/or 
degradation 
which may be induced 
by ESD. 
I 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, 
Low Level 
IlL 
0 
250 
IlA 


Input Current, 
High Level* 
Ill{ 
12.5 
60 
mA 


Supply Voltage, Output 
Vcc 
4.5 
5.5 
V 


High Level Enable Voltage 
VEH 
2.0 
Vcc 
V 


Low Level Enable Voltage 
VEL 
0 
0.8 
V 


Fan Out (@ ~ 
= 4 kQ) 
N 
5 
TTL 
Loads 


Operating Temperature 
TA 
-55 
125 
°C 


*12.5 mA condition 
permits 
at least 20% CTR degradation 
guardband. 
Initial 
switching 
threshold 
is 10 mA or less. 


Absolute Maximum Ratings 
Storage Temperature 
-65°C to +150°C 
Operating Temperature 
-55°C to +125°C 
Lead Solder Temperature 
260°C for 10 s 
1.6 mm below seating plane 
Forward Input Current - I[ (each channel) 
60 mA2 
Reverse Input Current 
60 mA 
Supply Voltage - Vcc 
7 V 1 Minute Maximum 
Enable Input Voltage - VE(each channel) 
5.5 V 
Not to exceed Vcc by more than 500 mV 
Output Collector Current - 10 (each channel) 
25 mA 
Output Collector Power Dissipation (each channel) 
40 mW 
Output Collector Voltage - Vo (each channel) 
7 V 
Total Package Power Dissipation 
564 mW 
Input Power Dissipation (each channelL 
168 mW 


Group A 
Limits 
Sub- 


Parameter 
Symbol 
Test Conditions 
groupSll'l 
Min. 
Typ.* Max. Units 
Fig. 
Note 


High Level Output 
1011 
vee = 5.5 V, va = 5.5 V 
1,2,3 
20 
250 
lJ.A 
3 
3 
Current 
I, = 250 flA, V£ = 2.0 V 


Low Level 
VOL 
Vee = 5.5 V; I, = 10 mA 
Output 
Voltage 
V£=2.0V, 
1,2,3 
0.3 
0.6 
V 
1 
3 


IOL (Sinking) 
= 10 mA 


I, = 10 mA 
2.2 
2.6 
Input 
Voltage 
V, 
1,2,3 
V 
2 
3 


I, =60 
mA 
2.35 
2.75 


Input 
Reverse 
V. 
I. = 10 mA 
1,2,3 
0.8 
1.10 
V 
3 
Voltage 


Low Level Enable 
lEI, 
Vee = 5.5 V, V£ = 0.5 V 
1,2.3 
-1.45 
-2.0 
mA 
3 
Current 


High Level Enable 
Vt:1l 
1,2,3 
2.0 
V 
3,12 
Voltage 


Low Level Enable 
Vt~L 
1,2,3 
0.8 
V 
3 
Voltage 


High 
Level 
ICel1 
Vee = 5.5 V; I, = 0, 
1,2,3 
21 
28 
mA 


Supply 
Current 
V£ = 0.5 V both channels 


Low Level 
IeeL. 
Vee = 5.5 V; I, = 60 mA, 
1,2,3 
27 
36 
mA 


Supply 
Current 
V£ = 0.5 V beth channels 


Input-Output 
Relative 
Humidity 
= 45% 


Insulation 
11.0 
t = 5 s, 
1 
1 
lJ.A 
4 
Leakage 
Current 
V,.o = 1500 Vdc 


Propagation 
Delay 
9 
55 
100 
Time to High 
t'·I.lI 
RL = 510 Q; CL = 50 pF, 
ns 
4,5 
3,5 
Output 
Level 
I, = 13 mA 
10,11 
140 


Propagation 
Delay 
9 
60 
100 
Time to Low 
tpllI" 
RL = 510 Q; CL = 50 pF, 
ns 
4,5 
3,6 
Output 
Level 
I, = 13 mA 
10,11 
120 


Common 
Mode 
VeM = 50 V (peak), 
Transient 
ICMIII 
Vo (min.) = 2 V, 
9,10,11 
1000 
10,000 
V/!"s 
8,9 
3,9, 
Immunity 
at 
HL = 510 Q; I, = 0 mA 
14 


High Output 
Level 


Common 
Mode 
VeM = 50 V (peak), 
Transient 
ICMLI 
Vo (max.) = 0.8 V, 
9,10,11 
1000 
10,000 
V/!"s 
8,9 
3,10, 
Immunity 
at 
RL = 510 Q; I, = 10 mA 
14 


Low Output 
Level 


• 


Typical Specifications 
TA=25°C,Vcc=5V 


Parameter 
Symbol 
Typ. 
Units 
Test Conditions 
Fig. 
Note 


Resistance 
(Input-Outputl 
RI•O 
10" 
Q 
VI.O= SOOV de 
3,13 


Capacitance 
(Input-Outputl 
C,.o 
1.7 
pF 
f=lMHz 
3,13 


Input-Input 
Insulation 
II., 
O.S 
nA 
4S% Relative 
Humidity, 
11 
Leakage 
Cu rrent 
V'.I = SOOVdc, t = S s 


Resistance 
(Input-Input) 
RI.I 
10" 
Q 
V'.I = SOOVdc 
11 


Capacitance 
(Input-Input) 
C'.I 
O.SS 
pF 
f=lMHz 
11 


Propagation 
Delay Time of Enable 
tELl! 
3S 
ns 
6,7 
3,7 


from VEilto VEL 


RL = S10 Q, CL = IS pF, 
Propagation 
Delay Time of Enable 
tt:IIL 
as 
ns 
II = 13 mA, VEH= 3 V, VEL= 0 V 
6,7 
3,8 
from 
VEL to VI::II 


Output 
Rise Time 00-90%) 
t, 
ao 
ns 
3 


RL = S10 Q, CL = IS pF, I, = 13 mA 


Output 
Fall Time (90-10%) 
t, 
24 
ns 
3 


Input 
Capacitance 
CI 
60 
pF 
f = 1 MHz, VI = 0, 
3 


PINS 1 to 2 or S to 6 


Notes: 


1. Bypassing 
of the power supply line is required, 
with a 0.1l'F' 
ceramic disc capacitor 
adjacent 
to each isolator. 
The power 
supply bus for the isolators 
should be separate 
from the bus for any active loads, otherwise 
additional 
bypass 
capacitance 
may be needed to su ppress regenerative 
feedback via the power supply. 


2. Derate 
linearly 
at 1.2 mAJOCabove TA = 100°C. 


3. Each channel. 
4. Device considered 
a two terminal 
device: pins 1 through 
8 are shorted 
together, 
and pins 9 through 
16 are shorted 
together. 
5. The tPLIlpropagation 
delay is measured 
form the 6.S mA point on the trailing 
edge of the input 
pulse to the 1.S V point on 
the trailing 
edge of the output 
pulse. 


6. The tpHI-propagation 
delay is measured 
from the 6.S mA point on the leading edge of the input pulse to the 1.5 V point on 


the leading 
edge of the output 
pulse. 


7. The tELIlenable propagation 
delay is measured 
from the 1.S V point on the trailing 
edge of the enable input 
pulse to the I.S 
V point on the trailing 
edge of the output 
pulse. 
8. The tEIlLenable 
propagation 
delay is measured 
from the 1.S V point on the leading edge of the enable input 
pulse to the 1.S V 


point on the leading 
edge of the output 
pulse. 


9. CMII is the maximum 
tolerable 
rate of rise of the common mode voltage to assure 
that the output 
will remain 
in a high logic 
state, 
i.e. VoaT> 2.0 V. 


10. CML is the maximum 
tolerable 
rate of fall of the common mode voltage to assure 
that 
the output 
will remain 
in a low logic 
state, 
i.e. VOUT< 0.8 V. 
11. Measured 
between 
adjacent 
input 
leads shorted 
together, 
i.e. between 
1,2 and 4 shorted 
together 
and pins S, 6 and 8 


, 
shorted 
togethCl:. 


12. No external 
pull up is required 
for a high logic state on the enable 
input. 
13. Measured 
between 
pins 1 and 2 or Sand 
6 shorted 
together, 
and pins 10 through 
IS shorted 
together. 


14. Subgroups 
10 and 11 shaJJ be tested 
as part nf device initial 
characterization 
and aller design and process changes. 


Subgroup 
9 shaJJ be tested 
with evelY lot. 


IS. Standard 
pmts 
receive 
100% testing 
at 25°C (Subgroups 
1 and 9). SMD ancV88aB parts 
receive 
100% testing 
at 25, 125, and 
_55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 
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Figure 
6. Enable 
Propagation 
Delay 


VB. Temperature. 
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Figure 
3. High Level Output 
Current 
VB. Temperature. 
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Figure 
5. Test Circuit 
for t'UL and 
tpLU" 
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Figure 
7. Test Circuit 
for t.I1Land 
t•.:LU• 
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Ffcure 8. Typical Common Mode 
Transient Immunity. 


5962·895720 lEX 
and MIL-H·38534 Class 
H Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers 
are in compliance 
with MIL-H-38534 
and DESC 
SMD 5962-89572. 


Testing 
consists of 100% 
screening 
and quality 
conformance 
inspection 
to 
MIL-H-38534. 
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Figure 9. Test Circuit for Common 
Mode Transient Immunity and 
Typical Waveforms. 


Commercial 
ClassH 
DESC 
ClassK 
Product 
Product 
Product 
Product 


HCPL-l930 
HCPL-l93l 
5962-895720 lEX 
TBA 


CONDITIONS: 
11= 30 mA 


'0'" lamA 
Vcc= 
5.5 V 


TYPICAL 
INCREMENTAL 
DELAY 
TIMES·· 


SCH;"I~~~~16DES 
SC:~T~~~HDIODES 
SW~CH 
SW~CH 
UNITS 


"'-1 
150 
300 
<1 
150 
300 


112 
455 
820 
78 
365 
700 
OPEN 
OPEN 
nsee 


tp 
52 
410 
730 
54 
305 
580 
OPEN 
CLOSED 


52 
410 
490 
54 
395 
490 
CLOSED 
CLOSED 
nsee 


NAND 
flip flop tolerates 


simultaneously 
HIGH 


inputs; 
NOR flip flop 
tolerates 
simultaneously 


LOW inputs; 
EXCLUSIVE· 


OR flip flop tolerates 
simultaneously 
HIGH 
OR 


LOW inputs 
without 


causing 
either 
of the 
outputs 
to change. 
• 


Part Marking Orientation 
for HCPL-193XBase Product and Related DESC 
Product 


HCPI,1930 
HPLogo-+ 
HPYYWWZ 
~ Date Code, SuffIx (if needed) 
ESDClassl 
HCPI,1930 
~HPP/N 
Pin Onel-+ 
• 
USA 
~ Country 
of Mfr . 


ESD Ident 


HCPI,1931 
HPLogo-+ 
HPQYYWWZ 
~ Compliance 
Indicator 
5962·895720 lEX· 
HPP/N 
-+ 
1931/883B 
Date Code, Suffix (if needed) 
ESDClassl 
DESCSMD-+ 
5962-89572 
DESCSMD-+ 
01EXUSA 
~ Country 
of Mfr. 
Pin Onel-+ 
• 
50434 
~HPFSCN 
ESD Ident 


FhOl HEWLETT 
~r...•PACKARD 


Hermetically 
Sealed Four 


Channel Low Input Current 
Optocoupler 


Technical Data 


Features 
• Dual Marked with DESC 
Standard 
Military 
Drawing 


• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534, Class H 
• Hermetically 
Sealed 16-Pin 
Dual In-Line Package 
• Performance 
Guaranteed 
Over -55°C to +125"C 
• MIL-H-38534 Class H 
• Internal 
Shield for Higher 
CMR 
• Low Input 
Current 
Requirement: 
0.5 mA 
• High Current 
Transfer 
Ratio: 1500% Typical 
• Low Output 
Saturation 
Voltage: 0.1 V Typical 
• Low Power Consumption 
• 1500 VDC Withstand 
Test 
Voltage 


• High Radiation 
Immunity 
• 6N138/9, HCPL·57XX, 67XX 
Function 
Compatibility 
• Reliability 
Data Available 
• Available 
with TXV and 
TXVB Part Marking 


Applications 
• MilitarylHigh 
Reliability 
Systems 


• Transportation 
and Life 
Critical 
Systems 


6N140A 
6N140Al883B 
8302401EX 


• Isolated 
Input Line 
Schematic 
Receiver 
• Space Level Processing 


20 


15 


Available 


Vcc 


• System Test Equipment 
lVF~ 
~ 
14 
VOl 
Isolation 
• Digital Logic Ground 
'" 


3D 
Isolation 


4 


V 
; 
• EIA RS-232C Line Receiver 
~ 
13 


V02 
• Microprocessor 
System 
Interface 
'" 
• Current 
Loop Receiver 
60 
• Level Shifting 


SVf!. 
~ ""'. 


• Process 
Control Input! 
Output 
Isolation 
I" 


70 
8V~ 
~ 
" 
. 
V04 
• 


10 
GND 


OI20 .rr=- ~]287) 
7.87 
(.3101 


! 
~l 
-- 
L 
0.20(0.008) 


0.33 (0-013) 


I 
_ 
20.061.790'=---1 
20.83(.820) 
0.51(.020)! 
"'~_~====:J.__ ~__ 
MIN. 


YYmiIT 


+ 
4.45(0.170) 


- 
MAX. 


! 
! 
! 
f 


--I 
I-- 2.29(,090) 0.51(,020)--1 r=:-T 


2.79 (.110) 
MAX. 
3.81 (.150) 


MIN. 


DIMENSIONS 
IN MILLIMETERS 
AND 
(INCHES). 


For Gull-wing or Butt-joint 
lead form options, contact your local 
Hewlett-Packard 
field representative. 


6-369 


Description 
The 6N140A is an EIA 
registered hybrid microcircuit 
which is capable of operation 
over the full military tempera- 
ture range from -55°C to +125°C 
and is electrically and function- 
ally identical to the 6N140 part. 
It is an advanced replacement 
unit for the 6N140. The better 
performance results from an 
improved integrated 
bypass 
resistor which shunts photo- 
diode and first stage leakage 
currents. All products within 
this family have this advanced 
feature and can be purchased 
as 
either a standard 
product 
(6NI40A), with full MIL-H- 
38534 Class Level H testing 
(6NI40Al883B) 
or as parts 
compliant to DESC Drawing 
83024 as (8302401EX). All parts 
are normally shipped with gold 
plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the DESC part number, or by 
adding Option 200 to the part 
number for non-DESC parts. 


All three products are in 
sixteen-pin hermetic dual in- 
line packages. Each part 
contains four GaAsP light 
emitting diodes, each of which is 
optically coupled to a 
corresponding integrated 
high 
gain photon detector. The high 
gain output stage features an 
open collector output providing 
both lower output saturation 
voltage and higher speed 
operation than possible with 
conventional photodarlington 
type optocouplers. Also, the 
separate Vcc pin can be strobed 
low as an output disable or 
operated with supply voltages 
as low as 2.0 V without 
adversely affecting the 
parametric 
performance. 


The high current transfer ratio 
at very low input currents 
permits circuit designs in which 
adequate margin can be allowed 
for the effects of CTR 
degradation 
over time. 


These products have a 300% 
minimum CTR at an input 
current of only 0.5 mA making 
it ideal for use in low input 
current applications such as 
MOS, CMOS and low power 
logic interfacing or RS-232C 
data transmission 
systems. 
Compatibility with high voltage 
CMOS logic systems is assured 
by the 18 V Vcc and by the 
guaranteed 
maximum output 
leakage (lOH) at 18 V. The 


shallow depth of the Ie photo- 
diode provides better radiation 
immunity than conventional 
phototransistor 
optocouplers. 


The test program performed on 
the 8302401EX is in compliance 
with DESC Drawing 83024. The 
electrical characteristics 
table 
shows Group A Subgroup testing 
requirements 
from this drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements 
for MIL-H- 
38534. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Voltage, Low Level 
(Each Channel) 
VF.OFF 
0.8 
V 


Input Current, High Level 
(Each Channel) 
IF.ON 
0.5 
5 
mA 


Supply Voltage 
Vcc 
2.0 
18 
V 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 
Operating Temperature 
-55°C to +125°C 
Lead Solder Temperature 
260°C for 10 s 
(1.6 mm below seating plane) 


Output Current, 
10(each channel) 
.40 mA 
Output Voltage, Va (each channel) 
-0.5 to 20 VII] 
Supply Voltage,Vcc 
-0.5 to 20 VUI 
Output Power Dissipation (each channel) 
50 mWl21 
Peak Input Current (each channel,.,; 1 ms duration) 
20 mA 
Average Input Current, IF(each channel) 
10 mA13] 
Reverse Input 
Voltage, VR (each channel) 
5 V 


Group 
Alu, 
Limits 


Sub· 
Parameter 
Sym. 
Test 
Conditions 
groups 
Mill. 
Typ.·· 
Max. 
Unit 
Fig. 
Note 


IF = 0.5 mA, Vo = 0.4 V, 
1,2,3 
300 
1500 
% 
4,5 
Vcc=4.5V 
f--- 


Current 
Transfer 
hll(CTKJ• 
IF = 1.6 mA, Vo = 0.4 V, 
1,2,3 
300 
1000 
% 
3 
4,5 


Ratio 
Vcc=4.5V 
f--- 


I•.= 5 mA, V0 = 0.4 V, 
1,2,3 
200 
500 
% 
4,5 
Vcc = 4.5 V 


IF = 0.5 mA, IOL= 1.5 mA, 
1,2,3 
0.1 
0.4 
V 
4 


Logic Low 
VOL 


Vcc = 4.5 V 
2 
f--- 


Output 
Voltage 
I•.= 5 mA, IOL= 10 mA, 
1,2,3 
0.2 
0.4 
V 
4 
Vcc = 4.5 V 


1011* 
IF = 2lJA 
1,2,3 
250 
lJA 
4 
Logic High 
- 
0.001 
- 
Output 
Current 
Ioux 
Vo=Vcc=18V 
1,2,3 
250 
lJA 
4,6 


Logic Low Su pply 
IeeL· 
In = I)-oJ = In = IF. = 1.6 mA, 
1,2,3 
1.7 
4 
mA 


Current 
Vcc = 18V 


Logic High 
Supply 
ICCIl· 
IF1 = In = In = IF. = 0 mA, 
1,2,3 
0.001 
40 
lJA 


Current 
Vcc=18V 


1,2 
1.7 
V 
4 
Input 
Forward 
V· 
IF = 1.6 mA 
1.44 
1 - 
F 
Voltage 
3 
1.8 
V 
4 


Input 
Reverse 
BV.· 
I. = 10 lJA 
1,2,3 
5 
V 
4 
Breakdown 
Voltage 


Input-Output 
45% Relative 
Humidity, 


Insulation 
11_0• 
T = 25°C, t = 5 s, 
1 
1.0 
lJA 
7,12 
Leakage 
Current 
V,.o = 1500 VDC 


Capacitance 
Between 
CI.O 
f = 1 MHz, Tc = 25°C 
4 
4 
pF 
4,8 
Input-Output 


IF = 0.5 mA, RL = 4.7 kQ, 
9,10,11 
6 
60 
Ils 
4 
Propagation 
Delay 
Vcc = 5.0V 
Time To Logic High 
tpLIl· 
8 
- 


At Output 
I•.= 5 mA, RL = 680 Q, 
9 
20 
Ils 
4 
Vcc=5.0V 
4 
- 


10,11 
30 
Ils 
4 


IF = 0.5 mA, RL = 4.7 kQ, 
9,10,11 
30 
100 
Ils 
4 
Propagation 
Delay 
Vcc = 5.0 V 
Time To Logic Low 
tpliL· 
8 - 


At Output 
IF = 5 mA, RL = 680 Q, 
9 
5 
Ils 
4 
Vcc = 5.0 V 
2 
- 


10,11 
10 
Ils 
4 


Common 
Mode Transient 
I•. = 0, RL = 1.5 kQ 
4,9, 


Immunity 
At Logic 
ICMHI 
IVcMI = 25Vp•p, 
9,10,11 
500 
1000 
VII!" 
9 
11, 


High 
Level 
Output 
Vcc=5.0V 
15 


Common 
Mode Transient 
IF = 1.6 mA, RL = 1.5 kQ 
4,10, 
Immunity 
At Logic 
ICMLJ 
IVCMJ = 25 Vp.P' 
9,10,11 
500 
1000 
VII!" 
9 
11, 
Low Level 
Output 
Vcc=5.0V 
15 


·JEDEC 
Registered 
Data . 


•• All typical 
values 
are at Vcc = 5 V, T. = 25°C. 


• 


Typical Characteristics 
TA = 25°C, Vcc = 5 V Each Channel 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 
Fig. 
Note 


Resistance 
(Input-Output) 
R,_o 
10" 
Q 
V1_O = 500 VDC, T. = 25°C 
4,8 


Input-Input 
Insulation 
11_, 
0.5 
nA 
45% Relative 
Humidity, 
V,_,= 500 VDC 
13 


Leakage 
Current 
T. = 25°C, t = 5 s 


Resistance 
(Input-Input) 
R1_1 
1012 
Q 
V'_I= 500 VDC, T. = 25°C 
13 


Capacitance 
(Input-Input) 
C1_1 
1 
pF 
f= 1 MHz, T. = 25°C 
13 


Temperature 
Coefficient 
t!.VF 
mV/ 


of Forward 
Veltage 
-- 
-1.8 
°C 
IF = 1.6 mA 
4 
t!.T. 
I 


Input 
Capacitance 
C1N 
60 
pF 
f= 1 MHz, VF = 0, T. = 25°C 
4 


Notes: 
1. Pin 10 should be the most negativ.e voltage at the detector 
side. Keeping Vcc as low as possible, but greater 
than 
2_0 volts, 


will provide lowest total 
1011 over temperature. 


2. Output 
power is collector output 
power plus one fourth of total supply power. Derate 
at 1.66 mW/oC above 110°C. 
3. Derate 
IF at 0.33 mAFC above 110°C. 


4. Each channel. 
5. CURRENT 
TRANSFER 
RATIO is defined as the ratio of output 
collector current, 
la, to the forward LED input 
current, 
IF' 


times 
100%. 


6. Iollx is the leakage 
current 
resulting 
from channel 
to channel 
optical crosstalk. 
IF = 2 !1Afor channel 
under 
test. For all other 


channels, 
IF = 10 mA. 


7. Device considered 
a two-terminal 
device: Pins 1 through 
8 are shorted 
together 
and pins 9 through 
16 are shorted 
together. 
8. Measured 
between 
the LED anode and cathode 
shorted 
together 
and pins 10 through 
15 shorted 
together. 
9. CMII is the maximum 
tolerable 
common mode transient 
to assure 
that 
the output 
will remain 
in a high logic state 
(i.e., V0 > 


2.0 V). 


10. CML is the maximum 
tolerable 
common mode transient 
to assure 
that 
the output 
will remain 
in a low logic state 
(i.e., Va < 


0.8 V). 


11. In applications 
where dV/dt may exceed 50,000 V l!s (such as a static discharge) 
a series resistor, 
Rcc' should be included 
to 
protect 
the detector 
ICs from destructively 
high surge currents. 
The recommended 
value is 


IV 
R =----kn 


cc 
0.6 IF (mA) 


12. This is a momentary 
withstand 
test, not an operating 
conditio~. 


13. Measured 
between 
adjacent 
input pairs shorted 
together, 
i.e., between 
pins 1 and 2 shorted 
together, 
and pins 3 and 4 
shorted 
together, 
etc. 


14. Standard 
parts 
receive 100% testing 
at 25°C (Subgroups 
1 and 9). SMD and /883B parts 
receive 100% testing 
at 25, 125, and 


_55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


15. Subgroups 
10 and 11 shall be tested 
as part of device inilial 
characterization 
and after design and process changes. 


Subgroups 
10 and 11 shall be guaranteed 
to the limits specified in Table I for all lots not specifically 
tested. 
Subgroup 
9 shall 
be tested 
with every lot. 


Figure 
1. Input 
Diode Forward 
Current 
vs Forward 
Voltage. 


NORMALIZED 
TO: 


eTR 
AT 
IF = 0.5 mA 


TA •• 25°C 
Vcc -sv 
Vo=O.4V 


Figure 
3. Normalized 
Current 
Transfer 
Ratio 
vs Input 
Diode 
Forward 
CUITent. 
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Figure 
5. Propagation 
Delay to 
Logic Low vs Input 
Pulse Period. 


• 


Figure 
4. Normalized 
Supply 
Current 
vs Input 
Diode Forward 


Current. 
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Figure 
6. Propagation 
Delay vs 


Temperature. 


Figure 
7. Propagation 
Delay vs 
Input 
Diode Forward 
CUITent. 
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Figure 10.Recommended Drive 
Circuitry Using 'ITL Open- 
Collector Lope. 


8302401EX and 
MIL-H-38534 Class H 
Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers are in compliance 
with MIL-H-38534 and DESC 
drawing 83024. 


Testing consists of 100% 
screening and quality 
conformance inspection to MIL- 
H-38534. 


Commercial 
ClassH 
DESC 
ClassK 
Product 
Product 
Product 
Product 


6N140A 
6N140N883B 
830240 lEX 
TBD 


Vee + 18 V 
Vae + 2.4 V 


16 
200 51 
15 
TYP. 
,. 


13 
12 
11 
10 


9 
TA = +l25 


QC 


IF =5 mA 
10 = 10mA 
Vee = 18V 
• 


Part Marking Orientation for 6N140A Base Product and Related DESC 
Product. 


6N140A 
ESD Class 3 


6N140N883B 
8302401EX· 
ESD Class 3 


6N140TXV 
ESD Class 3 


6N140TXVB 
ESD Class 3 


PinOne!~ 
ESD Ident 


HPLogo~ 
HPP/N 
~ 
DESCSMD~ 
Country 
of Mfr. ~ 
Pin OnelESD ~ 
Ident 


HPP/N 
~ 
Country 
of Mfr. ~ 
Pin One! ~ 
ESD Ident 


HPP/N 
~ 
Country 
of Mfr. ~ 
Pin One! ~ 
ESD Ident 


HPYYWWZ 
6N140A 


• 
USA 


HPQYYWWZ 
6N140N883B 
8302401EX 
USA 
• 
50434 


CHYYWWZ 
6N140TXV 
USAHP 
• 
50434 


CHYYWWZ 
6N140TXVB 
USAHP 
• 
50434 


~ Date Code, Suffix (if needed) 
~HPP/N 
~ Country 
of Mfr. 


~ Compliance 
Indicator 
Date Code, Suffix (if needed) 


~ Compliance 
Indicator 
Date Code, Suffix (if needed) 
~HPLogo 
~HPFSCN 


~ Compliance 
Indicator 
Date Code, Suffix (if needed) 
~HPLogo 
~HPFSCN 


F!tiJI HEWLETT 
~I''''' PACKARD 


Low Input Current, High 
Gain, Hermetically 
Sealed 
Optocoupler 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534, Class H 
• Hermetically 
Sealed 
• Perlormance 
Guaranteed 
Over _55°Cto +125°C 
• Mll.-H-38534 Class H 
• Low Input 
Current 
Requirement: 
0.5 mA 
• High Current 
Transfer 
Ratio: 1500% Typical 
• Low Output 
Saturation 
Voltage: 0.11 V Typical 
• 1500 Vdc Withstand 
Test 
Voltage 


• Low Power Consumption 
• High Radiation 
Immunity 


• Function 
Compatibility 
with 6N138/9, HCPL-27301 
31, and 6Nl40A 


• 2-18 Volt VocRange 
• Reliability 
Data Available 


Applications 
• MilitarylHigh 
Reliability 
Systems 


• Telephone 
Ring Detection 


• Microprocessor 
System 
Interface 
• EIA RS-232-C Line 
Receiver 
• Level Shifting 
• Space Level Processing 
Available 
• Transportation 
and Life 
Critical 
Systems 


Outline Drawings 


a·PIN CERAMIC DUAL IN-UNE 
PACKAGE 


9.40 (0.370) 
] 
9.90 (O.390) 
0.51 (0.020) 


MIN. 


TIIT 


4.3210.1701 


MAX. 


I 
I 
---r-r 
W 
_I~ 
38',1~N'501 


2.29(0.090) 
0.51 10.020) 


2.7910."0 
MAX. 


8-pin Dual In-Line Package 
HCPL-57oo 
HCPL-5701 (883B) 
5962-8981OO1PX 
HCPL-5730 
HCPL-5731 (883B) 
5962-8978501PX 
20 Terminal 
Leadles8 
Chip 
Carrier 
HCPL-6730 
HCPL·6731 (883B) 
5962-89785022A 


• Digital Logic Ground 
Isolation 
• Current 
Loop Receiver 
• Isolated 
Input Line 


Receiver 
• System Test Equipment 
Isolation 
• Process 
Control Inputl 
Output 
Isolation 


n 


8.13 


(0.320) 


MAX. 
", 
7.37 (0.290) 
7.87(0.310) 


0.20 (0.008) 
I 
033~:l-l 
t 


'~: 
8' 
2 
I 
7 


"F 


3 
I 
6 


I 


4 
5 


HCPL-5700 
HCSPL·5701 


5962-8981 
DOl PC 


HCPL-5730 
HCPl-5731 


5962-8978501 
PC 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


• 


20 Terminal 
Ceramic 
Leadless 
Chip Carrier 
J~8701°. 3421 ~ 
9. 10 (O,~581 


~ 


4.9510.1951~ 
, .2710.050) 
52T (0205) 
(l9~"'lcSI'1 1.7810.070) 
. 
1 02r0040113PLCSI 


~ 
2.03 [O.OSO}, 
" 
. 


1.14 (0.045J 
""1":40 
(O.055)t 


Description 
These products 
are 8 pin and 16 
pin versions 
ofthe 
6N140A 
. 
family (see separate 
data sheet). 


The HCPL-5700, 
HCPL-5701, 
and 5962-8981001PX 
are single 
channel, 
low input current, 
high 
gain optocouplers. 
The HCPL- 
5730, HCPL-5731 
and 5962- 
8978501PX 
are dual channel 
units made from the same chip 
sets. All six products 
are in 
eight pin hermetic 
dual in-line 
packages. 
These units are 
capable of operation 
and storage 
over the full military 
temperature 
ranges 
and can be 
purchased 
as either 
single or 
dual channel 
standard 
product 
(HCPL-5700 
and HCPL-5730 
respectively), 
with full MIL-H- 
38534 Class Level H testing 
(HCPL-5701 
and HCPL-5731 
respectively), 
or from the DESC 
Standard 
Military 
Drawings 
(SMDs) 5962-89810 
and 5962- 
89785 as (5962-8981001PX 
or 
5962-8978501PX 
respectively). 
Parts 
are shipped with gold 
plated or solder dipped leads. To 
order replace C for gold with A 
for solder dipped in the SMD 
part number, 
or add Option 200 
to the part number 
for non-SMD 
parts. 


0.2010.0081 


RAO. TYP. 


(20 
PLCSI 


I --11--0.51 
(0,020) 
'\ 
METALLIZEDCASTELLATlQNS 


~ 
(20PlCS.) 


~[O.060) 
~--------~ 
2.03 (0.080) L....I....I.... 
I 


I 


'"00'3' 
I, 
: 
• 
I 


v, 
-::;. 


- 
I 
CATHODE 
3 
[ 


I 
I 
I 
I 


5 
6 
7 
8 


GND 
Va 


20 TERMINAL 
CERAMIC LEADLESS 
CHIP CARRIER SCHEMATIC 


The HCPL-6730, HCPL-6731, 
and 8962-89785022A are dual 
channel parts in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard 
part is HCPL-6730. 
The product with full MIL-H- 
38534 Class Level H testing is 
HCPL-6731. The DESC SMD 
part is 5962-89785022A 
All 
three products are configured 
and function as two independ- 
ent single channels. Devices are 
delivered with solder dipped 
terminals 
as a standard 
feature. 
Units may also be purchased 
with gold plated terminals. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements 
for MIL-H- 
38534. 


Each channel contains a GaAsP 
light emitting diode optically 
coupled to an integrated 
high 
gain photon detector. The high 
gain output stage features an 
open collector output providing 
both lower saturation 
voltage 
and higher signaling speed than 
possible with conventional 
photo-Darlington 
optocouplers. 


The supply voltage can be 
operated as low as 2.0 V without 
adversely affecting the 
parametric 
performance. 


These devices have a 300% 
minimum CTR at an input 
current of only 0.5 mA making 
them ideal for use in low input 
current applications such as 
MOS, CMOS, low power logic 
interfaces or line receivers. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Voltage, Low Level 
(Each Channel) 
VF,OFF 
0.8 
V 


Input Current, High Level 
(Each Channel) 
IF,ON 
0.5 
5 
mA 


Supply Voltage 
Vcc 
2.0 
18 
V 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 
Operating Temperature 
-55°C to +125°C 
Lead Solder Temperature 
260°C for 10 s 
Output Current, 
10(each channel) 
.40 mA 
Output Voltage, Vo (each channel) 
-0.5 to 20 VII] 
Supply Voltage ,Vcc 
-0.5 to 20 VU] 
Output Power Dissipation (each channel) 
50 mWl2] 
Peak Input Current (each channel, ~ 1 ms duration) 
20 mA 
Average Input Current, 
IF(each channel) 
10 mA[3] 
Reverse Input Voltage, Va (each channel) 
5 V 


Compatibility 
with high voltage 
CMOS logic systems is assured 
by the 18V VCC, VOH current 
and the guaranteed 
maximum 
output leakage current at 18 V. 
The shallow depth and small 
junctions offered by the IC 
process provides better 
radiation immunity than 
conventional phototransistor 
optocouplers. 


Upon special request, the 
following device selections can 
be made: CTR minimum of up to 
600% at 0.5 mA, lower drive 
currents to 0.1 mA, and lower 
output leakage current levels to 
100~ 


• 


Group 
Alul 
Parameter 
Sym. 
Test 
Conditions 
Subgroups 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Notes 


IF = 0.5 mA, Vo = 0.4 V, 
300 
1500 
Vcc =4.5 V 


Current 
Transfer 
CTR 
IF = 1.6 mA, Vo = 0.4 V, 
1,2,3 
300 
1000 
% 
3 
4,5 


Ratio 
Vcc=4.5V 


IF = 5 mA, V0 = 0.4 V, 
200 
500 
Vcc=4.5V 


IF = 0.5 mA, 10 = 1.5 mA, 
0.11 
0.4 


Logic Low 
VOL 
Vcc=4.5V 


Output 
Voltage 
IF = 1.6 mA, 10 = 4.8 mA, 
1,2,3 
0.13 
0.4 
V 
2 
4 
Vcc=4.5V 


IF = 5.0 mA, 10 = 10 mA, 
0.16 
0.4 


Vcc = 4.5 V 


IoHX 
IF = 2lJA (Channel 
Under 
, 


Logic High 
f--- 
Test) 


Output 
Current 
Iou 
IF = 10 mA (Other 
Channel) 
1,2,3 
0.001 
250 
lJA 
6" 


Vo =Vcc= 
18V 


Single Chan- 
IF = 1.6 mA, Vcc = 18 V 
2 


Logic Low 
nel andLCC 
Supply 
IecL 
1,2,3 
1.0 
f--- 
mA 
Current 
Dual 
IF1 = IF! = 1.6 mA, 
4 
4 
16 
Channel 
Vcc = 18 V 


Single Chan- 
IF = 0, Vcc = 18 V 
20 


Logic High 
nel and LCC 
Supply 
lecH 
1,2,3 
0.001 f--- 
lJA 
- 
Current 
Dual 
IF>= In = 0, Vcc = 18 V 
40 
16 
Channel 


1 
1.0 
1.44 
1.7 


8 Pin DIP 
2 
1.7 


Input 
Devices 


Forward 
VF 
IF = 1.6 mA 
3 
1.8 
V 
1 
4 
Voltage 
20 Terminal 
1,2,3 
1.0 
1.8 
r 


Devices 


Input 
Reverse 
BV. 
I. = 10 lJA 
1,2,3 
5 
V 
4 
Breakdown 
Voltage 


Input-Output 
45% Relative 
Humidity, 


Insulation 
1100 
t = 5 s, V,.o = 1500 Vde 
1 
1.0 
lJA 
7, 13 


Leakage 
Current 


GroupA[14J 
Parameter 
Sym. 
Test Conditions 
Subgroups 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Notes 


IF= 0.5 mA, RL = 4.7 kn, 
17 
60 
Vee= 5 V 


Propagation Delay 
Time to LogicHigh 
tPLH 
IF= 1.6 mA, RL = 1.5 kn, 
9,10,11 
14 
50 
!!s 
7,8 
4 
at Output 
Vee= 5 V 


IF= 5.0 mA, RL = 680 n, 
8 
30 
Vee= 5 V 


, 


IF= 0.5 mA, RL = 4.7 kn, 
10 
100 
Vee= 5 V 


Propagation Delay 
Time to LogicLow 
tpHL 
IF= 1.6 mA, RL = 1.5kQ, 
9,10,11 
5 
30 
!!s 
7,8 
4 


at Output 
Vee= 5 V 


IF= 5.0 mA, RL = 680 Q, 
2 
10 
Vee= 5 V 


CommonMode Transient 
IF= 0, RL = 1.5kQ 
4,10, 
Immunity at Logic 
ICMHI IVe••1 = 50 V•.•' 
9,10,11 
500 
~2000 
V/!!s 
9 
12, 
High Level Output 
Vee=5.0V 
15 


Common Mode Transient 
IF= 1.6 mA, RL = 1.5 kQ 
4, II, 


Immunity at Logic 
ICML' 
IVe••' = 50 V•.•' 
9,10,11 
500 
~1000 
VI!!" 
9 
12, 


LowLevel Output 
Vee= 5.0 V 
15 


Typical Characteristics 
TA = 25°C, Vcc = 5 V 


Parameter 
Symbol 
Typical 
Units 
Test 
Conditions 
Figure 
Note 


Resistance 
(Input-Output) 
RI.O 
1012 
n 
VI.O = 500 Vdc 
4,8 


Capacitance 
(Input-Input) 
CI.O 
2.0 
pF 
f= 1 MHz 
4,8 


Temperature 
Coefficient of 
tNF 
Forward 
Voltage 
-- 
-1.8 
mY/DC 
IF = 1.6 mA 
4 
LlTA 
Input Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF = 0 
4 


Input-Output 
Insulation 
Leakage 
1].1 
0.5 
nA 
45% Relative Humidity, 


Current 
V,., = 500 Vdc 
9 
TA = 25DC,t = 5 s 


Resistance 
(Input-Input) 
RI.I 
1012 
n 
VI.' = 500 Vdc 
9 


Capacitance 
(Input-Input) 
C,., 
1.0 
pF 
f= 1 MHz 
9 
• 


Notes: 


1. GND Pin should be the most negative voltage at the detector side. Keeping Vee as low as possible, but greater 
than 2.0 V, 


will provide lowest total 
lOR over temperature. 


2. Output power is collector output power plus total supply power for the single channel 
device. For the dual channel 
device, 
output power is collector output power plus one half the total supply power. Derate at 1.66 mW/DC above 110DC. 


3. Derate IF at 0.33 mA/"C above 110 


DC. 
4. Each channel. 
5. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 
10, to the forward LED input current, 
IF' 
times 100%. 
6. IoRX 
is the leakage current 
resulting 
from channel to channel optical crosstalk. 
IF = 2 I!A for channel under test. For all other 


channels, 
IF = 10 mA. 


7. Device considered 
a two·terminal 
device: For 8 pin DIP, pins 1 through 4 are shorted together, 
and pins 5 through 
8 are 
shorted together; 
for LCC, terminals 
19, 20, I, 2, 3 are shorted together, 
and terminals 
7 through 
15 are shorted together. 
8. Measured 
between each input pair shorted together, 
and all outputs 
for that channel shorted together. 
9. Measured 
between adjacent 
input pairs shorted together; 
I.e., for 8 pin DIP, between pins 1 and 2 shorted together 
and pins 
3 and 4 shorted together; 
for LCC, between terminals 
19 and 20 shorted together, 
and terminals 
2 and 3 shorted together. 
10. CMR is the maximum tolerable 
common mode transient 
to assure that the output will remain in a high logic state (i.e., V0 > 


~n 
• 


11. CML is the maximum tolerable 
common mode transient 
to assure that the output will remain in a low logic state (I.e., Vo < 


0.8 V). 
12. In applications 
where dV/dt 
may exceed 50,000 V/!!s (such as a static discharge) 
a series resistor, 
Ree, should be included to 


protect the detector ICs from destructively 
high surge currents. 
The recommended 
value is 


R 
= 
IV 
kn 


ee 
0.15 IF (mA) 


Ree = 
1V 
kn 
0.3 IF (mA) 
for dual channel. 


13. This is a momentary withstand test, not an operating condition. 
14. Standard 
parts receive 100% testing at 25 


DC (Subgroups 
1 and 9). SMD and 1883B parts receive 100% testing 
at 25, 125, and 


-55 


DC (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


15. Subgroups 
10 and 11 shall be tested 
as part of device initial characterization 
and after design and process changes. 


Subgroups 
10 and 11 shall be guaranteed 
to the limits specified in Table I for all lots not specifically tested. Subgroup 9 shall 


be tested with every lot. 


16. The HCPL-6730 
and HCPL-6731 
dual channel parts function as two independent 
single channel units. Use the single 
channel parameter limits. 
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1. Input 
Diode 
Forward 
Current 
vs. Forward 
Voltage. 
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Figure 
9. Test Circuit 
for Transient 
Immunity 
and Typical Waveforms. 
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ADDITIONAL 
FANOUT 


IS NOT USED 


5962-8981001PX 
5962-8978501PX 
5962·89785022A 
and MIL-H·38534 
Class H Test Programs 
Hewlett-Packard's 
883B 
Optocouplers 
are in compliance 


with MIL-H-38534 
and DESC 
SMDs 5962-89810 
and 5962- 


89785. 


Testing 
consists of 100% 
screening 
and quality 


conformance 
inspection 
to MIL- 


H-38534. 


Commercial 
Class H 
DESC 
ClassK 
Product 
Product 
Product 
Product 


HCPL-5700 
HCPL-5701 
5962-8981001PX 
TBD 


HCPL-5730 
HCPL-5731 
5962-8978501PX 
TBD 


HCPL-6730 
HCPL-6731 
5962-89785022A 
TBD 


TO.O' •..F 


100 n TYP. 
• 


FhiiW HEWLETT 
~~ 
PACKARD 


Acmc to Logic Interface 
Hermetically Sealed 
Optocouplers 


Technical Data 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 
• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534. Class H 
• Hermetically 
Sealed S-pin 
Dual In-Line Packages 
• Performance 
Guaranteed 
Over -55°C to +125"C 
• MIL-H-38534 Class H 
• ac or dc Input 
• Programmable 
Sense 
Voltage 
• Hysteresis 
• HCPL-3700 Operating 
Compatibility 
______ 
• Logic Compatible 
Output 


• 1500 Vdc Withstand 
Test 
Voltage 
• Thresholds 
Guaranteed 
Over Temperature 
• Thresholds 
Independent 
of 
LED Characteristics 


Applications 
• MilitarylHigh 
Reliabilityl 
Systems 
• Limit Switch Sensing 
• Low Voltage Detector 
• aeldc Voltage Sensing 
• Relay Contact 
Monitor 
• Available 
with Space Level 
Testing 


HCPL-5760 
HCPL-5761 (883B) 
5962 8947701PX 


• Relay Coil Voltage Monitor 
• Current 
Sensing 
• Microprocessor 
Interface 
• Telephone 
Ring Detection 


9.40 (0.370) 


[ 
9.90 (0.390) ]°.5110.0201 
Yffl 


-MII~.'70) 
----l 
MAX. 


I 
I 
t' 


I 
I 
II----t 3.8110.150) 


I---l 
-- I--- 
MIN. 


2.29 (0.090) 
0.51 (0.020) 
2.79lD.11O 
MAX. 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


Description 
The HCPL-5760, 
HCPL-5761, 


and 5962-8947701PX 
are single 


channel, 
hermetically 
sealed, 


voltage/current 
threshold 


detection 
optocouplers. 
The 


products 
are capable of 


operation 
and storage over the 


full military 
temperature 
range 


and can be purchased 
as either 


standard 
product 
(HCPL-5760), 
with full MIL-H-38534 
Class 


Level H testing 
(HCPL-5761), 
or 


from the DESC Standard 
Military 
Drawings 
(SMD) 5962- 
89477 as (5962-8947701PX). 
All 


three products 
are in eight pin 


hermetic 
dual in-line packages. 


They are normally 
shipped with 


gold plated leads. They are also 
available 
with solder dipped 


leads by replacing 
C with A in 


the SMD part #, or by adding 
option #200 to the part number 
for non-SMD parts. 


Each unit contains 
a light 


emitting 
diode (LED), a 


threshold 
sensing input buffer 
Ie, and a high gain photon 
detector 
to provide an 


optocoupler 
which permits 
adjustable 
external 
threshold 


levels. The input buffer circuit 
has a nominal 
turn on threshold 


of2.5 mA (ITH) 
and 3.6 volts 


(VTH)' The addition 
of one or 


more external 
attenuation 
resistors 
permits 
the use of this 


device over a wide range of 
input voltages 
and currents. 
Threshold 
sensing prior to the 


LED and detector 
elements 
minimizes 
effects of different 


optical gain and LED variations 
over operating 
life (CTR 


degradation). 
Hysteresis 
is also 


provided in the buffer for extra 


noise immunity 
and switching 
stability. 


The buffer circuit is designed 
with internal 
clamping 
diodes to 
protect the circuitry 
and LED 
from a wide range of over- 
voltage and over-current 
transients 
while the diode 
bridge enables easy use with ac 
voltage input. 


These units combine several 
unique functions 
in a single 
package, providing 
the user 
with an ideal component 
for 
computer 
input boards and 
other applications 
where a 
predetermined 
input threshold 
optocoupler 
level is desirable. 


features 
an open collector 


output 
providing 
both Tl'L 


compatible 
saturation 
voltages 
and CMOS compatible 
breakdown 
voltages. 


The test program 
performed 
on 
the 5962-894770 1PX is in 
compliance 
with DESC (SMD) 
5962-89477. 
The electrical 


characteristics 
table shows 


Group A Subgroup 
testing 


requirements 
from this 
drawing. 


All devices are manufactured 
and tested 
on a MIL-STD-1772 


certified line and are included 
in 
the DESC Qualified 
Manufac- 
turers 
List (QML) in accordance 
with requirements 
for MIL-H- 
38534. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power Supply 
Vcc 
3.0 
18 
V 


Operating 
FrequencyU] 
f 
0 
10 
KHz 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 
Operating 
Temperature 
-55°C to 125°C 
Lead Solder Temperature 
260°C for 10 s[2] 
Average Input Current 
- IIN 
15 mA[3] 
Surge Input Current 
- IINSG ••••••••••••••••••••••••••••••••••••••••••••••••• 
140 mA[3.4] 
Peak Transient 
Input Current 
- IIN,PK 
500 mA[3.4) 
Input Power Dissipation 
- PIN 
195 mWl5] 
Total Package 
Power Dissipation 
- Pd •••••••••••••••••••••••••••••••••••• 
260 mW 
Output 
Power Dissipation 
- Po 
65 mW 
Average Output 
Current 
- 10 ..•..•......•.....•.••••••••••••••••••••••••••••••••• 
40 mA 
Supply Voltage ,Vcc (Pins 8-5) 
-0.5 min., 20 V max. 


Output 
Voltage, V0 (Pins 6-5) 
-0.5 min., 20 V max. 


• 


GroupA'"' 
Parameter 
Symbol 
Conditions 
Subgroup 
Min. 
Typ.- 
Max. 
Unita 
Fig. 
Note 


L.H. 
V,N = VTH.; Vcc = 4.5 V; 
1,2,3 
1.75 
2.5 
3.20 
mA 
V0 = 0.4 V; 10 2:2.6 mA 
Input 
Threshold 
Current 
L.H. 
V'N = VTH.;Vcc = 4.5 V; 
1,2,3 
0.93 
1.3 
1.62 
mA 


• 


Vo = 2.4 V; IOHS 250 llA 


r 
V,N = V, - V,; Pins 
1 
VTH• 
&4 
Open 
1,2,3 
3.18 
3.6 
4.10 
V 
7 
Vcc = 4.5 V; Vo = 0.4 V; 
de 
102: 2.6 mA 
(Pins 
2, 3) 
VI" = V, - V,; Pins 
1 
VTH. 
&4 
Open 
1,2,3 
1.90 
2.5 
3.00 
V 
1,2 
Vcc = 4.5 V; Vo = 2.4 V; 
, 


Input 
10 S 250 llA 
Threshold 
- 
Voltage 
V,N= 
IV,-V,I;Pins 


VTH-t 
2 & 3 Open 
1,2,3 
3.79 
5.0 
5.62 
V 
Vcc = 4.5 V; Vo = 0.4 V; 
ae 
102: 2.6 mA 
(Pins 
1,4) 
7,8 
VI" = IV, - V,I; Pins 
2 
VTH. 
& 3 Open 
1,2,3 
2.57 
3.7 
4.52 
V 
Vcc = 4.5 V; Vo = 2.4 V; 
, 


10 S 250 llA 


VIIIC1=V2-V3; 
VlIlel 
V, =GND; 
1,2,3 
5.3 
5.9 
6.7 
V 
IIN = 10 mA; Pin 1 & 4 
, 


Connected 
to Pin 3 


V1llC2 = IV1 - V4,I; 
Input 
Clamp 
Voltage 
V1nc2 
IIINI =10mA; 
1,2,3 
6.0 
6.6 
7.4 
V 
3 
15 
Pins 
2 & 3 Open 


Vllle3 
= V2 
- V3; 


j 
V,=GND; 
1,2,3 
12.0 
13.0 
V 
V1He3 
II" = 15 mA; 
Pins 
1 & 4 Open 


Input 
Current 
II" 
VIN = V, - V, = 5.0 V; 
1,2,3 
3.0 
3.9 
4.5 
mA 
4 
Pins 
1 & 4 Open 


Logic Low 
VOL 
Vcc =4.5 
V; 
1,2,3 
0.05 
0.4 
V 
4 
Output 
Voltage 
IOL= 2.6 mA 


Logic High 
Ion 
VOIl = Vcc = 18 V 
1,2,3 
250 
llA 
Output 
Current 
7 
Logic Low 
IeeL 
V, - V, = 5.0 V; 
1,2,3 
0.8 
3.0 
mA 
Supply 
Current 
Vo = Open; Vcc = 18 V 


Logic High 
Iccn 
Vcc = 18 V; Vo = Open 
1,2,3 
0.001 
20 
llA 
5 
Supply 
Current 


45% RH, t = 5 s; 
Input.Output 
11.0 
VI.O = 1500 Vde; 
1 
1 
llA 
9,10 
Insulation 
T. = 25°C 


GroupA[18J 


Parameter 
Symbol 
Conditions 
Subgroup 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Note 


Propagation 
Delay 
Time to Logic Low 
tpHL 
RL =1.8 kQ, CL = 15 pF 
9,10,11 
4 
20 
!!s 
6,11 


Output 
Level 
6,7 - 
Propagation 
Delay 
Time to Logic High 
tPLH 
RL =1.8 kn, CL= 15 pF 
9,10,11 
8 
40 
!!s 
6, 12 
Output 
Level 


Logic High Common 
Veld.=50V 
T. = 25°C 
9 
1000 
"10,000 
Mode Transient 
ICMHI 
1,.= 
0 mA 
V/j!S 
Immunity 
VeM = 450 V 
,,10,000 
8 
13,14 
Logic Low Common 
VeM = 50 V 
T. = 25'C 
9 
1000 
"5,000 
Mode Transient 
ICMLI 
I,. = 4 mA 
V/!!s 
Immunity 
VeM = 250 V 
,,5,000 
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Parameter 
Symbol 
Typ. 
Units 
Conditions 
Fig. 
Note 


IIlYS 
1.2 
mA 
IHyS = ITHo - ITH. 
1 
Hysteresis 
VHyS 
1.1 
V 
VHys = VTHo - VTH. 


Input 
Clamp 
Voltage 
VILC 
-0.76 
V 
VILC = V2 - V3; V3 = GND; 


IIN = -10 mA 


Bridge 
Diode 
VDl,2 
0.62 
IIN = 3 mA 
(see 
schematic) 


Forward 
Voltage 
VD3•4 
0.73 


Input-Output 
Resistance 
R1.o 
1012 
n 
V1_O = 500 Vdc 
9 
Input-Output 
Capacitance 
C1_O 
2.0 
pF 
f= 1 MHz, 
V1_O = 0 Vdc 


Input 
Capacitance 
C1N 
50 
pF 
f = 1 MHz; 
V1N = 0 V, 


Pins 
2 & 3, Pins 
1 & 4 Open 


Output 
Rise 
Time 
tr 
10 
IJ-s 
7 


00-90%) 


Output 
Fall 
Time 
tr 
0.5 
IJ-S 
7 


(90-10%) 


Notes: 
1. Maximum 
operating 
frequency 
is 
dermed 
when output 
waveform 
(Pin 
6) attains 
only 90% of Vee with RL = 
1.8 kn, CL = 15 pF using a 5 V 
square 
wave input 
signal. 


2Measured 
at a point 1.6 mm below 
seating 
plane. 
3. Current 
int%ut 
of any single lead. 
4. Surge input 
current 
duration 
is 3 
ms at 120 Hz pulse repetition 
rate. 


Transient 
input 
current 
duration 
is 
10 ~s at 120 Hz pulse repetition 
rate. 
Note that 
maximum 
input 
power, PJN, must be observed. 


5. Derate 
bnearly 
above lOO°C free·air 
temperature 
at a rate of 4.26 mW/ 
DC. Maximum 
input 
JXlwer 
dissipation 
of 195 mWallows 
an 
input 
IC junction 
temperature 
of 
150°C at an ambient 
temperature 
of 
TA = 125°C with a typical thermal 
resistance 
from junction to ambient 
of 9JAI = 235°CIW. The typical 
thermal 
resistance 
from junction 
to 
case is equal to 170°CIW. Excessive 
PIN and TJ may result 
in device 
degradation. 


6. The 1.8 kn load represents 
1 TIL 
unit load of 1.6 mA and the 4.7 kQ 
pull-up 
resistor. 


7. Logic low output 
level at Pin 6 


occurs under 
the conditions 
ofV1N ~ 
VTHoas well as the range of V 
> 
VTI~- once V1Nhas exceeded '1;Ho' 
LOgiChigh output 
level at Pin 6 
occurs under 
the conditions 
ofV1N ~ 
VTH. as well as the range of VJN < 
VTIlo once V1Nhas decreased 
below 
VrH_· 


8. The ac voltage is instantaneous 
voltage. 


9. Device considered 
a two terminal 
device: Pins 
1, 2, 3, 4 connected 
together, 
Pins 5, 6, 7 8 connected 
together. 


10. This is a momentary 
withstand 
test, 
not an operating 
condition. 


11. The tp11Lpropagation 
delay is 
measured 
from the 2.5 V level of the 
leading 
edge of a 5.0 V input pulse 
(l ~ 
rise time) to the 1.5 V level on 


the leading 
edge of the output 
pulse 
(see Figure 
7). 
12. The tpLH propagation 
delay is 
measured 
from the 2.5 V level of the 
trailing 
edge of a 5.0 V input 
pulse 


(1 ~ 
fall time) to the 1.5 V level on 


the trailing 
edge of the output 
pulse 
(see Figure 
7). 


13. Common mode transient 
immunity 
in Logic High level is the maximum 


tolerable 
dVe 
t of the common 


mode vo]tageJ~CM' 
to ensure that 


the output 
will remain 
in a Logic 


High state (Le., V0> 2.0 V). 
Common 
mode transient 
immunity 


in Logic Low level is the maximum 
tolerable 
dVCM/d,of the common 
mode voltage, VeM' to ensure 
that 
the output 
will remain 
in a Logic 
Low state (Le., V0 < 0.8 V). See 
figure 8. 


14. In applications 
were dVeMJd:may 
exceed 50,000 V/~s (such: as static 
discharge), 
a series resistor, 
Ree, 


should be included 
to protect the 
detector 
IC from destructively 
high 
surge currents. 
The recommended 
value for R e is 240 Q per volt of 
allowable 
ifrop in Ve~ (between 
Pin 
8 and Vee) with a mmimum 
value of 


240 Q. 


15. DI. and D2 are Schottky 
diodes; D3 
and D4,are zener diodes. 


16. Standard 
parts 
receive 
100% testing 


at 25°C (Subgroups 
1 and 9). SMD 
and /883B parts 
receive 
100% 


testing 
at 25, 125, and -55°C 
(Subgroups 
1 and 9,2 
and 10,3 
and 


11, respectively.) 
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Figure 
3. Typical 
Input 
Characteristics, 
I'N vs. V1N" 
(ac Voltage 
Is Instantaneous 
Value.) 


Figure 
5. Typical 
High Levcl Supply 
Current, 
IceD V8. 


Temperature. 
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Figure 
4. Typical 
Input 
Current, 
II~. and Low Level 


Output 
Voltage, 
VOL'va. Temperature. 
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Figure 
8. Test Circuit 
for Common 
Mode Transient 


Immunity 
and Typical 
Waveforms. 


5962-8947701PC and 
MIL-H-38534 Class H 
Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers are in compliance 
with MIL-H-38534 and DESC 
SMD 5962-89477. 


Testing consists of 100% 
screening and quality 
conformance inspection to MIL- 
H-38534. 


Electrical 
Considerations 
The HCPL-5760, HCPL-5761, or 
5962-8947701PX optocoupler 
has internal 
temperature 
compensated, predictable 
voltage and current threshold 
points which allow selection of 
an external resistor, Rx' to 
determine larger external 
threshold voltage levels. For a 
desired external threshold 
voltage, V±' a corresponding 
typical value of Rx can be 
obtained from Figure 10. 
Specific calculation ofRx can be 
obtained from Equation (1) of 
Figure 11. Specification of both 
V and V voltage threshold 
le~els si~ultaneously 
can be 
obtained by the use of Rx and Rp 
as shown in Figure 11 and 
determined by Equations 
(2) 
and (3). 


Rx can provide over-current 
transient 
protection by limiting 
input current during a transient 
condition. For monitoring 
contacts with a relay or switch, 
the HCPL-5760/1, or 5962- 
8947701PX combination with 
R. and Rp can be used to allow a 
specific current to be conducted 
through the contacts for 


Commercial 
ClassH 
DESC 
CIassK 
Product 
Product 
Product 
Product 


HCPL-5760 
HCPL-5761 
5962-8947701PX 
TBD 


cleaning purposes (wetting 
current). 


The choice of which input 
voltage clamp level to choose 
depends upon the application of 
this device (see Figure 3). It is 
recommended that the low 
clamp condition be used when 
possible to lower the input 
power dissipation as well as the 
LED current, which minimizes 
LED degradation 
over time. 


In applications where dVCM/dt 
may be extremely large (such as 
static discharge), a series 
resistor, Rcc' should be 
connected in series with Vcc 
and Pin 8'to protect the detector 
IC from destructively 
high surge 
currents. See note 14 for 
determination 
of Rcc' In 
addition, it is recommended 
that a ceramic disc bypass 
capacitor of 0.01 ~F to 0.1 ~F be 
placed between Pins 8 and 5 to 
reduce the effect of power 
supply noise. 


Figure 10.Typical External Thresh· 
old Characteristic, V±vs. R. 
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For interfacing ac signals to 
TTL systems, output low pass 
filtering can be performed with 
a pullup resistor of 1.5 kn and 
20 IlF capacitor. This 
application requires a Schmitt 
trigger gate to avoid slow rise 
time chatter problems. For ac 
input applications, 
a filter 


capacitor can be placed across 
the dc input terminals for either 
signal or transient 
filtering. 


Either ac (Pins 1, 4) or dc (Pins 
2, 3) input can be used to 
determine external threshold 
levels. 


For one specifically selected 
external threshold voltage level 
V+ or V., Rx can be determined 
without use of Rp via 


V+ - VTH+ 
(-) 
(-) 
Rx 
---- 
(1) 
ITH+ 
(-) 


For two specifically selected 
external threshold voltage 
levels, V and V , the use of R 
and R ;m per~it 
this selectton 
via eq~ations (2), (3) provided 
the following conditions are 
met: 


R _ 
VTH.(V)-VTH+(V) 
=-------(2) 


x ITH+(V TH) - ITH.(V TH) 


--------(3) 
ITH+ (V. - VTH) 
+ ITII_ (VTH+ 
- V) 


See Application Note 1004 for 
more information. 
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Part Marking Orientation 
for HCPL-576XBase Product and Related DESC 
Product 


HCPL-5760 
HPLogo-t 
HPYYWWZ 
+- Date Code, Suffix (if needed) 
ESD Class 2 
HCPL-5760 
+- HP PIN 
Pin One!-t 
.••. 
USA 
+- Country 
ofMfr 
ESD Ident 


HCPL-5761 
HPLogo 
-t 
HPQYYWWZ 
+- Compliance 
Indicator, 


5962-8947701PX* 
HPPIN 
-t 
5761/883B 
Date Code, Suffix (if needed) 
ESD Class 2 
DESCSMD-t 
5962-89477 
DESCSMD-t 
OlPXUSA 
+- Country 
ofMfr 
Pin One!-t 
.••• 50434 
+- HP FSCN 
ESD Ident 


FhOW 
HEWLETT 
~r...•PACKARD 


Dual Channel Hermetically 
Sealed Transistor Output 
Optocoupler 


Features 
• Dual Marked 
with DESC 
Standard 
Military 
Drawing 


• Manufactured 
and Tested 
on a MIL-STD-1772 
Certified 
Line 
• QML-MIL-H-38534, Class H 
• Hermetically 
Sealed 16-pin 
Dual In-Line Package 


• Performance 
Guaranteed 
Over -55°C to +12SOC 
• MIL-H-38534 Class H 
• Dual Isolated 
Channels 
• High Speed: Typically 
400kBitis 


• 2-MHz Bandwidth 
• Open Collector 
Outputs 


• 2-18 Volt VccRange 
• 1500 Vdc Withstand 
Test 
Voltage 


• High Radiation 
Immunity 
• HCPL-2530/2531, HCPL- 
55xx, 65XX Function 
Compatibility 


• Reliability 
Data Available 
• Available 
with TXV or 
TXVB Part 
Marking 


Applications 
• MilitarylHigh 
Reliability 
Systems 


• Line Receivers 
• Digital 
Logic Ground 
Isolation 


• Analog Signal Ground 
Isolation 
• Space Level Testing 
Available 
• Switching 
Power 
Supply 
Feedback 
Element 
• Vehicle Command/Control 
• System Test Equipment 
• Level Shifting 


1 


- 
20.06 (0.790( 
•t 


20.83 
(D.B20) 
O.51J~~20It 


~~1-4.45(0.'701 


~ ~ ~ ~ ~ ~ ~ ~_ 
-L 
MAX. 


~ 
~ 
..,~,.~~ 
~~::g~~g: 
38'J~;:1J 


DIMENSIONS 
IN MILLIMETERS AND (INCHES) 


4N55 
4N55/883B 
5962·8767901EX 


Description 
The 4N55, 4N55/883B, and 
5962-8767901EX units consist 
oftwo completely independent 
transistor output optocouplers. 
The products are capable of 
operation and storage over the 
full military temperature 
range 
and can be purchased as either 
a standard product (4N55), with 
full MIL-H-38534 Class Level H 
testing (4N55/883B) or from the 
DESC Standard Military 
Drawing (SMD) 5962-87679 as 
(5962-8767901EC). All three 


n 


8.13 
(0.320) 
IJi 


-1 


7.3710.290) 
7.87(0.3101 


0.20 (0.0081 1 
O.33(O.O'~ 
t 


For Gull-wing or Butt-joint lead form options, contact your local 
Hewlett-Packard field representative. 


• 


products are assembled in 
hermetic, 
sixteen pin dual in- 
line packages. These parts are 
normally shipped with gold 
plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the DESC part #, or by adding 
option #200 to the part number 
for non DESC parts. 


Each channel has a GaAsP light 
emitting diode which is optically 
coupled to an integrated 
photon 
detector. Separate 
connections 
for the photodiodes and output 
transistor 
collectors improve the 
speed up to a hundred 
times 
that of a conventional 
phototransistor 
optocoupler by 
reducing the base-collector 
capacitance. 


These devices are suitable for 
wide bandwidth 
analog applica- 
tions, as well as for interfacing 
TTL to LSTTL or CMOS. 
Current Transfer 
Ratio (CTR) is 
9% minimum at IF = 16 rnA. The 
18 V Vcc capability will enable 
the designer to interface any 
TTL family to CMOS. The 
availability 
of the base lead 
allows optimized gainlband- 


width adjustment 
in analog 
applications. 
The shallow depth 
of the IC photodiode provides 
better radiation 
immunity than 
conventional phototransistor 
couplers. 


The test program performed on 
the 5962-8767901EX is in 
compliance with DESC (SMD) 
5962-87679. The Electrical 
Characteristics 
Table shows 


CAUTION: The small junction sizes inherent to the design of this bipolar 
component increase the component·s susceptibility to damage from 
electrostatic discharge (ESD). It is advised that normal static precautions 
be taken in handling and assembly of this component to prevent damage 
and/or 
degradation 
which may be induced by ESD. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, 
Low Level 
IFL 
250 
J.1A 


Supply Voltage 
Vcc 
2 
18 
V 


Operating Temperature 
Tc 
-55 
+125 
°C 


Input Current, 
High Level 
IF,H 
12 
20 
mA 


Group A Subgroup testing 
requirements 
from this 
drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements 
for MIL-H- 
38534. 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 


Operating Temperature 
-55°C to +125°C 


Lead Solder Temperature 
260°C for 10 s. 
(1.6 mm below seating plane) 
Average Input Current - IF(each channel) 
20 mA 


Peak Input Current - IF (each channel, 
$ 1 ms duration) 
.40 mA 


Reverse Input Voltage - 
VR (each channel) 
5 V 


Input Power Dissipation (each channel) 
36 mW 


Average Output Current - 
10 (each channel) 
8 mA 


Peak Output Current - 
10(each channel) 
16 mA 


Supply Voltage - 
Vcc(each channel) 
-0.5 V to 20 V 


Output Voltage - 
Va (each channel) 
-0.5 V to 20 V 


Emitter Base Reverse Voltage - VEBO 
3.0 V 


Base Current - IB(each channel) 
5 mA 


Output Power Dissipation (each channel) 
50 mW 
Derate linearly above 100°C free air temperature 
at a rate of 1.4 mW/oC. 


Group 
A 
Limits 


Parameter 
Sym. 
Test 
Conditions'" 
SubgroupsltOI 
Min. 
Typ."" 
Max. 
Units 
Fig. 
Note 


Input 
Forward 
Voltage 
V" 
Ir = 20 mA 
1,2,3 
1.55 
1.80 
Vdc 
1 
1 
r 


Reverse 
Breakdown 
BV: 
I. = 10 ~ 
1,2,3 
5.0 
Vdc 
1 


Voltage 


Coupled High Level 
IOH 
Ir = 0, Ir (other 
Output 
Current 
channel) 
= 20 mA 
1,2.3 
10 
100 
~dc 
4 
1 


Vo=Vcc=18V 


Ir = 250 ~, 
Ir (other 


Output 
Leakage 
Current 
IOLEAK " 
channel) 
= 20 mA, 
1,2,3 
30 
250 
~dc 
4 
1 
Vo = Vcc = 18 V 


Current 
Transfer 
Ratio 
CTR" 
Vcc = 4.5 V; Vo = 0.4 V; 
1,2,3 
9 
20 
% 
2,3 
1,2 


Ir = 16 mA 


Input 
to Output 
Tc = +25°C; 
Insulation 
Leakage 
1110" 
V"o = 1500 Vdc 
1 
1.0 
~dc 
3,9 


Current 
Relative 
humidity 
= 45%; 


t=5s 


" 


Ir = 0 mA, Ir (other 


Supply Current 
High 
ICeH 
channel) 
= 20 mA, 
1,2,3 
0.1 
10 
~dc 
1 
Level 
Vcc = 18V 


Supply Current 
Low 
IeeL" 
IF>= 1Ft = 20 mA, 
1,2,3 
35 
200 
J.1A dc 
5 
1 
Level 
Vcc = 18 V 


Propagation 
Delay Time 


illGHtoLOW 
tpHL " 
Ir = 16 mA; RL = 8.2 kQ 
0.4 
2 
Vcc = 5.0 V; CL = 50 pF 
9,10,11 
l-ls 
6,9 
1 


LOWtoillGH 
tPL.H " 
1.0 
6 


"JEDEC 
Registered 
Data. 


""All typical values 
are at Vcc = 5 V, T. = 25°C. 
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Parameter 
Symbol 
Typ. 
Units 
Test 
Conditions 
Fig. 
Note 


Temperature 
Coefficient 
~ 
-1.5 
mV/oC 
IF = 20 mA 
1 
of Forward 
Voltage 
!'J.T 


A 


Input 
Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF = 0 Vdc 
1 


Input-Output 
Resistance 
Rw 
1012 
Q 
VI-O= 500 Vdc 
1 


Input-Output 
Capacitance 
Cw 
1.0 
pF 
f= 1 MHz 
1,4 


Input-Input 
Insulation 
11.1 
1 
pA 
45% Relative 
Humidity, 
5 
Leakage 
Current 
VI.I= 500 Vdc, t = 5 s 


Input-Input 
Capacitance 
CI.1 
0.55 
pF 
f= 1 MHz 
5 


Transistor 
DC Current 
Gain 
hFE 
150 
- 
Va = 5 V, 10 = 3 mA 
1 


Small Signal Current 
~ 
21 
% 
Vcc=5V,Vo=2V 
7 
1 
Transfer 
Ratio 
!'J.IF 
Common Mode Transient 
IF = 0, ~ 
= 8.2 kQ 
Immunity 
at Logic High 
ICMHI 
1000 
V/lls 
VCM= 
10Vp-p 
10 
1,6 
Level Output 
Va (min.) = 2.0 V 


Common Mode Transient 
IF = 16 mA, ~ 
= 8.2 kQ 


Immunity 
at Logic Low 
ICMLI 
1000 
V/lls 
VCM = 10Vp-p 
10 
1,7 
Level Output 
Va (max.) = 0.8 V 


Bandwidth 
BW 
9 
MHz 
8 
8 


Notes: 


1. Each channel. 
2. Current 
Transfer 
Ratio is defined as the ratio of output collector current, 
10, to the forward LED input current, 
If' times 


100%. CTR is known to degrade slightly over the unit's lifetime as a function of input current, 
temperature, 
signal duty cycle 
and system on time. 
Refer to Application 
Note 1002 for more detail. In short it is recommended 
that designers 
allow at least 


20-25% guardband 
for CTR degradation. 
3. Measured 
between 
pins 1 through 
8 shorted 
together 
and pins 9 through 
16 shorted together. 
4. Measured 
between 
each input pair shorted 
together 
and the output pins for that channel 
shorted together. 
5. Measured 
between 
pins 3 and 4 shorted 
together 
and pins 7 and 8 shorted together. 


6. CM. is the steepest 
slope (dV/dt) on the leading edge of the common mode pulse, VCM'for which the output 
will remain 
in the 


logic high state (i.e., V0 > 2.0 V). 


7. CML is the steepest 
slope (dV/dt) on the trailing 
edge of the common mode pulse, VeM'for which the output 
will remain 
in the 


logic low state (i.e., V0 < 0.8 V). 
8. Bandwidth 
is the frequency 
at which the ac output 
voltage is 3 dB below the low frequency 
asymptote. 


9. This is a momentary 
withstand 
test, not an operating condition. 
10. Standard 
parts receive 100% testing 
at 25°C (Subgroups 
1 and 9). SMD and 1883B parts receive 100% testing 
at 25, 125, and 


_55°C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


100 
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Figure 
1. Input 
Diode Forward 
Current 
vs. Forward 
Voltage. 
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Figure 
7. Normalized 
Small Signal Cu=ent 
Transfer 
Ratio vs. Quiescent 
Input 
Current. 
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LINEARITY 
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Figure 
9. Switching 
Test Circuit. * 
*JEDEC Registered Data. 


Figure 
10. Test Circuit 
for Transient 
Immunity 
and 
Typical 
Waveforms. 


LOGIC FAMILY 
LSTTL 
CMOS 


DEVICE NO. 
54LS14 
CD40106BM 


Vcc 
5V 
5 V 
I 
15 V 


RL 5% TOLERANCE 
18 kn" 
8.2 kil I 22kn 


"THE EQUIVALENT 
OUTPUT LOAD RESISTANCE 
IS 
AFFECTED 
BY THE LSTTL INPUT CURRENT AND IS 
APPROXIMATELY 
8.2 kil. 


This Is a worst 
case design 
which 
takes into account 
25% degradation 
of CTR. See App. Note 1002 to 
assess 
actual degradation 
and lifetime. 


5962·876790 lEX 
and MIL-H·38534 Class 
H Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers are in compliance 
with MIL-H-38534 and DESC 
SMD 5962-87679. 


Testing consists of 100% 
screening and quality 
conformance inspection to MIL- 
H-38534. 


Commercial 
Product 
Class H Product 
DESC Product 
Class K Product 


4N55 
4N55/883B 
5962-876790 lEX 
TBD • 


4N55 
HPLogo~ 
HPYYWWZ 
t- Date Code, Suffix (if needed) 
ESD Class 1 
4N55 
t- HP PIN 
Pin One! ~ 
••• 
USA 
t- Country 
ofMfr 
ESD Ident 


4N551883B 
HPLogo~ 
HPQYYWWZ 
t- Compliance 
Indicator 
5962-8767901~* 
HPPIN 
~ 
4N551883B 
Date Code, Suffix (if needed) 
ESD Class 1 
DESCSMD~ 
5962-87679 
DESCSMD~ 
OlEXUSA 
t- Country 
of Mfr 
Pin One!~ 
••• 
50434 
t-HPFSCN 
ESD Ident 


4N55TXV 
CHYYWWZ 
t- Compliance 
Indicator 
ESD Class 1 
HPPIN~ 
4N55TXV 
Date Code, Suffix (if needed) 
Country 
of Mfr. ~ 
USAHP 
t- HP Logo 
Pin One! ~ 
••• 
50434 
t- HPFSCN 
ESD Ident 


4N55TXVB 
CHYYWWZ 
t- Compliance 
Indicator 
ESD Class 1 
HPPIN 
~ 
4N55TXVB 
Date Code, Suffix (if needed) 
Country 
of Mfr. ~ 
USAHP 
t- HP Logo 
Pin One! ~ 
••• 
50434 
t-HPFSCN 
ESD Ident 


F/;jj'W HEWLETT 
~e..PACKARD 


Transistor Output, 
Hermetically 
Sealed 
Optocoupler 


Technical Data 


Features 
• Dual Marked 
with DESC SMD 


• Manufactured 
and Tested on 
a MIL-STD-1772 Certified 
Line 
• QML-MIL-H-38534, Class H 
• Performance 
Guaranteed 
Over -55°C to +125"C 


• MIL-H-38534 Class H 
• High Speed: Typically 
400 kbit/s 


• 9 MHz Bandwidth 
• Open Collector 
Outputs 
• 1500 Vdc Withstand 
Test 
Voltage 


• High Radiation 
Immunity 
• 4N55, 6N135/6, 
HCPL-2530/31 Function 
Compatibility 


• 2-18 Volt Vcc Range 
• Reliability 
Data Available 


• High Common Mode Noise 
Immunity; 
Special Testing 
Available 
for Selections 
with 
883BandSMD 


Applications 
• MilitarylHigh 
Reliability 
Systems 


• Isolated 
Input Line Receiver 
• Isolated 
Output 
Line Driver 
• System Test Equipment 
Isolation 
• Digital Logic Ground 
Isolation 
• Current 
Loop Receiver 


• Level Shifting 
• Analog Signal Ground 
Isolation 
• Vehicle Command/Control 
• Switching 
Power 
Supply 
Feedback 
Element 
• Space Level Testing Available 


Description 
These units are single and dual 
channel, hermetically 
sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military tempera- 
ture range and can be pur- 
chased as either a standard 
product or with full MIL-H- 
38534 Class Level H testing. All 
devices are manufactured 
and 
tested on a MIL-STD-1772 
certified line and are included 
in the DESC Qualified Manu- 
facturers List (QML) in accord- 
ance with requirements 
for 
MIL-H-38534. 


The HCPL-5500, 5501, 5530 
and 5531 are in a 8 Pin ceramic 
DIP configured as either single 
or dual channel devices. The 
standard products are HCPL- 
5500 and HCPL-5530. The 
products with full MIL-H-38534 
Class Level H testing are 
HCPL-5501 and HCPL-5531. 


The HCPL-6530 and 
HCPL-6531 parts are in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard 
part is HCPL-6530. 


The product with full MIL-H- 
38534 Class Level H testing is 
HCPL-6531. These dual channel 
devices are configured and func- 
tion as two independent 
single 
channels. Devices are delivered 
with solder dipped terminals 
as 
a standard feature. Units may 
also be purchased with gold 
plated terminals. 


HCPL-5500 
HCPL-5501 
(883B) 
5962-9085401HPX 
HCPL-5530 
HCPL-5531 
(883B) 
5962-8767902PX 
(8-pin Dual In-Line Package) 


HCPL-6530 
HCPL-6531 
(883B) 
5962-87679032A 
(20 Terminal Leadless Chip 
Carrier) 


Each channel contains a light 
emitting diode optically coupled 
to an integrated 
photon detector 
providing 1500 Vdc electrical 
isolation between input and out- 
put. Separate connections for 
the photodiodes and output 
transistor 
collectors improve the 
speed up to a hundred times 
that of a conventional photo- 
transistor 
optocoupler by 


reducing the base-collector 
capacitance. These devices are 
suitable for wide bandwidth 
analog applications, 
as well as 
for interfacing TI'L to LSTI'L or 
CMOS. Current Transfer Ratio 
(CTR) is 9% minimum at IF= 16 
mA over the full military oper- 
ating temperature 
range, -55°C 
to +125°C. The 18 V Vcc capa- 
bility will enable the designer to 
interface any TI'L family to 
CMOS. The availability 
of the 
base lead allows optimized gain! 
bandwidth 
adjustment 
in ana- 


log applications. The shallow 
depth of the IC photodiode pro- 
vides better radiation 
immunity 
than conventional phototran- 
sistor couplers. 
• 


These products are also avail- 
able with the transistor 
base 
node unconnected to improve 
common mode noise immunity 
and ESD susceptibility. 
In addi- 
tion, higher CTR minimums are 
available by special request. 
Contact your local HP Field 
Sales Engineer for ordering 
information. 
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For Gull-wing or Butt-joint 
lead form options, contact your local 
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field representative. 


4.95 (O.195) 
5.21 10.205) 


8.70 (0.342) 1 
9.10 (0.358) 


1.78 (0.070) 
2.03 
(0.0801 


1.27 (0.050) 
178 
0 070u:~~::;~~~~: 
~ki 


(19 ~-Lcsi'l-=---_1 _._, 
~ 
~ 
1.02 (0.040) (3 PLCSj 


~ 
2.03 (0.080) 
I 
I 


1.14(0.0451 
_ 


1.40 (0.055), 
' 
t 


0.20 (0.008) 


RAO. TYP. 
(20 PlCSI 


I --J 1.--0.51 (0.020) 
'\ 
METALIZED CASTEllATIONS 


~ 
(ZOPLCS) 


~IO.0601 
~.---------- 


2.03(0.080) L....I.....I... 
I 


I 
I 


2 
'F 
I 


ANODE[JI 
+ 
1 


VF 
Y 


- 
I 
CATHOOE 
I 


3 
• 
I 


I 


1 
~ 
I 


~~ 


~I- 
. 
I 
I 


43'-'3.. 
i 


+ 
I 


VF2 
Y 


3 
I 
I 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current, Low Level 
IFL 
250 
l!A 


Supply Voltage 
Vcc 
2 
18 
V 


Absolute Maximum Ratings 
Storage Temperature 
-65°C to +150°C 


Operating Temperature 
-55°C to +125°C 


Lead Solder Temperature 
260°C for 10 s 


Average Input Current, IFeach channel 
20 mA 


Peak Input Current, IFeach channel, 


:-:;1ms duration 
40 mA 


Reverse Input Voltage, VR each channel 
3 V 


Average Output Current, 10each channel 
- 
8 mA 


Peak Output Current, 10each channel 
16 mA 


Supply Voltage, Vcc each channel 
-0.5 V to 20 V 


Output Voltage, Vo each channel 
-0.5 V to 20 V 


Input Power Dissipation, each channel 
36 mW 
Output Power Dissipation, each channel 
50 mW 


ESD Classification 
Class 1 
ESD Classification (HCPL-5530/l) 
Class 3 


(MIL-STD-883, Method 3015) 


Single 
Channel 
Product 
Only 
Emitter Base Reverse Voltage. VEBO •••••••••••••••••••••••.••••••••••••••••••• 
3.0 V 


Base Current, IB each channel 
5 mA 


CAUTION: 
The small junction 
sizes inherent 
to the design 
of this bipolar 
component 


increases 
the component's 
susceptibility 
to damage 
from 
electrostotic 
discharge 


(ESD). 
It is advised 
that 
normal 
static precautions 
be taken 
in handling 
and assem· 


bly of this component 
to prevent 
damage 
and degradation 
which 
may 
be induced 
by 


ESD. 


20 Terminal 
Ceramic 
Leadless 
Chip 


Carrier 
Schematic 
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VB 
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ANODE 
19 
13 Vo 
+ 


CATHODE 
20 
12 GND 


11 


CATHODE 
2 
10 
V<.:C 


ANODE 
3 
9 
VB 


+ 


7 
8 


GND 
Vo 


• DETECTOR Ie INTERNAL elECTRICAL 
SHielD 
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Group 
A 
Limits 
Sub· 
Parameter 
Sym. 
Test 
Conditions 
groUpS'") 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Note 


Current 
Transfer 
CTR 
IF = 16 mA, V0 = 0.4 V, 
1,2,3 
9 
20 
% 
2,3 
1,2, 


Ratio 
Vcc=4.5V 
10 


Logic High 
lOR 
IF = 0, 
1,2,3 
5 
100 
J,1A 
4 
1 
Output 
Current 
lp (other 
channel) 
= 20 mA 
Vo=Vcc=18V 


Output 
Leakage 
IORl 
IF = 250 IU\ 
1,2,3 
30 
250 
J,1A 
4 
1 
Current 
Dual 
IF (other 
channel) 
= 20 mA, 


Channel 
Vo=Vcc=18V 


Logic Low 
Single 
IcCL 
IF = 20 mA, Vcc = 18 V 
1,2,3 
35 
200 
J,1A 
5 
1 
Supply 
Channel 
Current 
Dual 
IFl = IF, = 20 mA, 
70 
400 
4 
Channel 
Vcc=18V 


Logic 
Single 
ICCH 
IF = 0mA, Vcc= 
18 V 
1,2,3 
0.1 
10 
J,1A 
1 
High 
Channel 
Supply 
Current 
Dual 
lp=OmA, 


Channel 
IF (other 
channel) 
= 20 mA, 
0.2 
20 
4 
Vcc=18V 


Input 
Forward 
VF 
IF=20mA 
1,2,3 
1.55 
1.9 
V 
1 
1 
Voltage 


Input 
Reverse 
BVR 
IR = 10 J,1A 
1,2,3 
3 
V 
1 
Breakdown 
Voltage 


Input-Output 
11_0 
45% Relative 
Humidity, 
1 
1.0 
J,1A 
3,9 
Insulation 
TA = 25°C, t = 5 S, 
Leakage 
Current 
V1_O= 1500 Vde 


Propagation 
Delay 
I10LH RL = 8.2 kn, CL = 50 pF 
9,10,11 
1.0 
6.0 
ILs 
6,9 
1,6 
Time to Logic High 
IF = 16 mA, Vcc = 5 V 
at Output 


Propagation 
Delay 
I10HL RL = 8.2 kn, CL = 50 pF 
9,10,11 
0.4 
2.0 
ILS 
6,9 
1,6 
Time to Logic Low 
IF = 16 mA, Vcc = 5 V 
at Output 
... 


Parameter 
Sym. 
Typ. 
Units 
Test 
Conditions 
Fig. 
Note 


Temperature 
Coefficient 
t;VF 
of Forward 
Voltage 
-- 
-1.5 
mVfOC 
IF=20mA 
1 


t;TA 


Input Capacitance 
Cin 
60 
pF 
f = 1 MHz, VF = 0 
1 


Resistance 
(Input-Output) 
RI_O 
1012 
n 
V[_O= 500 Vdc 
3 


Capacitance 
(Input-Output) 
CI_O 
1.0 
pF 
f= 1 MHz 
1,11 


Transistor 
DC Current 
Gain 
hFE 
250 
- 
V0 = 5 V, 10 = 3 mA 
1 


Small Signal Current 
t;Io 


Transfer 
Ratio 
-- 
21 
% 
Vce=5V,Vo=2V 
7 
1 


t;IF 


- 


Bandwidth 
BW 
9 
MHz 
8 
8 


Common Mode Transient 
IF = 0 IDA,RL = 8.2 kn 
Immunity 
At Logic High 
ICMHI 
1000 
V/!!s 
VCM = 10 V._. 
10 
1, 7 
Level Output 


Common Mode Transient 
IF = 16 IDA,RL = 8.2 kn 
Immunity 
At Logic Low 
ICMLI 
-1000 
V/!!s 
VCM = 10 V._. 
10 
1, 7 
Level Output 


Input-Input 
Insulation 
11_[ 
1 
pA 
45% Relative Humidity, 
5,9 
Leakage 
Current 
V[_[= 500 Vdc, t = 5 s 


Capacitance 
(Input-Input) 
CI_I 
0.8 
pF 
f=lMHz 
5 


Resistance 
(Input-Input) 
RI_I 
10'2 
n 
VI_[= 500 Vde 
5 


Notes: 
1. Each channel 
of a dual channel 
device. 
2. Current Transfer 
Ratio is defined 
as the ratio of output collector 
current, 
10, to the forward LED input current, 
IF' times 


100%_CTR is known to degrade slightly over the unit's lifetime as a function of input current, 
temperature, 
signal duty 
cycle, and system on time. Refer to Application 
Note 1002 for more detail. In short, it is recommended 
that designers 
allow 
at least 20-25% guardband 
for CTR degradation. 
3_Device considered 
a two-terminal 
device: for 8 pin DIP, pins 1 through 
4 are shorted together, 
and pins 5 through 
8 are 
shorted together; 
for LeC, terminals 
19, 20, I, 2, 3 are shorted together, 
and terminals 
7 through 
15 are shorted 
together. 


4. The HCPL-6530 
and HCPL-6531 
dual channel 
parts 
function as two independent 
single channel 
units. Use the single 


channel 
parameter 
limits. 


5. Measured 
between 
adjacent 
input pairs shorted together; 
i.e., for 8 pin DIP, between 
pins 1 and 2 shorted together 
and pins 


3 and 4 shorted together; 
for LeC, between terminals 
19 and 20 shorted together, 
and terminals 
2 and 3 shorted together. 


6. tpHL propagation 
delay is measured 
fro)ll the 50% point on the leading edge of the input pulse to the 1.5 V point on the 


leading edge of the output 
pulse_ The tPL~propagation 
delay is measured 
from the 50% point on the trailing 
edge of the input 
pulse to the 1.5 V point on the trailing 
edge of the output 
pulse. 


• 


7. eM,. is the maximum 
rate of rise of the common mode voltage that can be sustained 
with the output 
voltage in the logic low 
state (V9 < 0.8 V). CM, is the maximum 
rate of fall of the common mode voltage that can be sustained 
with the output 
voltage 
10 the logic high state (V 
> 2.0 V). 
. 


8. Bandwidth 
is the frequency 
at w'hich the ac output 
voltage is 3 dB below the low frequency 
asymptote. 
For the HCPL-5530 
the typical bandwidth 
is 2 MHz. 
9. This is a momentaIy 
withstand 
test, not an operating 
condition. 
10. Higher 
CTR minimums 
are available 
to support 
special applications. 


11. Measured 
between 
each input pair shorted together 
and all outputs 
for that channel 
shorted 
together. 


12. Standard 
parts 
receive 100% testing 
at 25"C (Subgroups 
1 and 9). SMD and /883B parts receive 100% testing 
at 25, 125 and 


-li5"C (Subgroups 
1 and 9, 2 and 10, 3 and 11, respectively). 


Figure 
4. Logic 
High 
Output 
Current 
VB. Temperature. 
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Figure 
7. Normalized 
Small 
Signal 
Current 
Transfer 
Ratio 
VB. 
Quiescent 
Input 
Current. 
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Figure 
5. Logic 
Low Supply 
Current 
VB. Input 
Diode 
Forward 
Current. 
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Figure 
3. Normalized 
Current 
Transfer 
Ratio 
VB. Input 
Diode 
Forward 
Current. 
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Figure 
6. Propagation 
Delay 
VB. 
Temperature. 
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Figure. 
10. Test Circuit 
for Transient 
Immunity 
and 
Typical 
Waveforms. 
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5962·9085401HPX 
Part Numbering System 
5962·8767902PX 
5962·87679032A 
and MIL-H·38534 Class 
H Test Program 
Hewlett-Packard's 
Hi-ReI 
Optocouplers 
are in compliance 
with MIL-H-38534 
and OESC 
SMO's 5962-90854 
and 5962- 
87679. 


Testing 
consists of 100% screen- 
ing and quality 
conformance 
inspection 
to MIL-H-38534. 


Commercial 
ClassH 
DESC 
ClassK 
Product 
Product 
Product 
Product 


HCPL-5500 
HCPL-5501 
5962-908540 lHPX 
TBO 


HCPL-5530 
HCPL-5531 
5962-8767902PX 
TBO 


HCPL-6530 
HCPL-6531 
5962-87679032A 
TBO 


• 


VI: II - 


3.4 V 


Figure 
12. Single Channel 
Operating 
Circuit 
for Burn. 
In and Steady State Life Tests. 
Figure 
13. Dual Channel 
Operating 
Circuit 
for Burn.In 
and Steady State Life Tests. 


Part Marking Orientation for HCPL-55XX and HCPL-65XX Base Product and 
Related DESC Products 


HCPL-5500 
HPLogo~ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 
ESD Class 1 
HPPIN 
~ 
HCPL-5500 
Pin One! ~ 
••• 
USA 
~ Country 
of Mfr. 
ESD Ident 


HCPL-5501 
HPLogo~ 
HPQYYWWZ 
~ Compliance 
Indicator, 
5962-9085401HPX* 
HPPIN 
~ 
5501/883B 
Date Code, Suffix (if needed) 
ESD Class 1 
DESCSMD~ 
5962-90854 
DESCSMD~ 
OlHPXUSA 
~ Country 
of Mfr. 
Pin One!~ 
••• 
50434 
~HPFSCN 
ESD Ident 


HCPL-5530 
HPLogo 
~ 
HPYYWWZ 
~ Date Code, Suffix (if needed) 
ESD Class 3 
HPPIN 
~ 
HCPL-5530 
Pin One! ~ 
• 
USA 
~ Country 
of Mfr. 
ESD Ident 


HCPL-5531 
HPLogo~ 
HPQYYWWZ 
~ Compliance 
Indicator, 
5962-8767902PX* 
HPPIN 
~ 
5531/883B 
Date Code, Suffix (if needed) • 


ESD Class 3 
DESCSMD~ 
5962-87679 
DESCSMD~ 
02PXUSA 
~ Country 
of Mfr. 
Pin One! ~ 
• 
50434 
~HPFSCN 
ESD Ident 


HCPL-6530 
YYWWZ 
~ Date Code, Suffix (if needed) 
ESD Class 1 
Pin One!~ 
••• 
USA 
~ Country 
of Mfr. 
ESD Ident 
HCPL-6530 
~ HPPIN 
HP 
~ HPLogo 


HCPL-6531 
HPLogo 
~ 
HPQYYWWZ 
~ Compliance 
Indicator, 
5962-87679032A 
HPPIN 
~ 
6531/883B 
Date Code, Suffix (if needed) 
ESD Class 1 
Pin One! ~ 
••• 
5962- 
~DESCSMD 
ESD Ident 
87679032A 
~DESCSMD 
Country 
of Mfr. ~ 
USA 50434 
~HPFSCN 


."X" is not marked on device. Replace OX" with "C" for gold lead finish; Replace OX" with "A"for solder lead finish. 


-~ 
90 V/l.O Q, Hermetically 
Sealed, Power MOSFET 
Optocoupler 


Features 
• Hermetically 
Sealed 8-Pin 
Dual In-Line Package 
• Small Size and Weight 
• Performance 
Guaranteed 
over -55°C to +12SOC 
Ambient Temperature 
Range 


• Compact Solid-State 
Bidirectional 
Switch 
• acJdc Signal & Power 
Switching 
• Connection 
A 
0.8A.1.0Q 


• Connection 
B 
1.6 A, 0.25Q 


• 1500 Vdc Withstand 
Test 
Voltage 
• High Transient 
Immunity 
• 5 Amp Output Surge 


Current 
• Shock and Vibration 
Resistant 


Applications 
• MilitarylHigh 
Reliability 
Systems 


• Standard 
28 Vdc and 48 
Vdc Load Driver 
• Standard 
24 Vac Load 
Driver 


• Aircraft Controls 
• acJdc Electromechanical 
and Solid State Relay 
Replacement 
• I/O Modules 


Description 
The HSSR-7110 is a single 
channel, hermetically 
sealed, 


power MOSFET optocoupler. 
The device operates exactly like 
a solid-state relay. The product 
is capable of operation and 
storage over the full military 
temperature 
range and can be 
purchased as a standard 
product (HSSR-7110), or with 
special testing (QSSR-71XX). 
All products are in eight-pin, 
hermetic, dual in-line, ceramic 
packages. 


As of December 1992, Hewlett- 
Packard has started to qualify 
this manufacturing 
line to MIL- 
STD-1772 and to be listed on 
QML-MIL-H-38534. Upon 
completion, a compliant part 
identified as HSSR-7111 will be 
available and will meet Class H 
test level ofMIL-STD-883 (see 
note below). 


F/;o- HEWLETT 
~~PACKARD 


The part is normally shipped 
with gold plated leads. Solder 
dipped leads are available by 
adding option #200 to the part 
number . 


The device contains an AlGaAs 
light emitting diode optically 
coupled to a photovoltaic diode 
stack which drives two discrete 
n-channel enhancement 
mode 
power MOSFETs. The device 
operates as a solid-state 
replacement 
for single-pole, 
normally open, (l Fonn A) 
relays used for general purpose 
switching of signals and loads in 
high reliability applications. 


The part's logic level input 
control and very low output on- 
resistance makes it suitable for 
both ac and dc loads. Connec- 
tion A, as shown in the sche- 
matic, allows the unit to switch 
either ac or dc loads. Connection 
B, with the polarity and pin 
configuration as indicated in the 
schematic, allows the device to 
switch dc loads only. The 
advantage of Connection B is 
that the on-resistance 
is signifi- 
cantly reduced, and the output 
current capability increases by a 
factor oftwo. 


Outline Drawings and Schematic 
S-pin Ceramic 
Dual In-Line Package 
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The device is a convenient 
replacement 
for mechanical and 
solid state relays where high 
component reliability in 
standard 
footprint lead configu- 
ration is desirable. The eight 
pin dual in-line package allows 
easy board construction with 
both through hole and surface 
mount methods. Butt joint and 
gull wing lead options are 
available by ordering option 
#100 or #300 respectively (see 
Outline Drawings). 


The HSSR-71l0 is designed to 
switch loads on 28 Vdc power 
systems. It meets 80 V surge 
and ±600 V spike requirements. 
The part is suitable for military 
applications. 


Absolute Maximum Ratings 
Storage Temperature 
Range 
-65°C to +150°C 
Operating Ambient Temperature 
- TA ••••••••••••••••••••••• 
-55°C to +125°C 
Junction Temperature 
- TJ 
+150°C 
Operating Case Temperature 
- Tc 
+145°C[l] 


Lead Solder Temperature 
260°C for 10 s 


(1.6 mm below seating plane) 


Average Input Current - IF 
20 mA 
Peak Repetitive Input Current - IFPK 
.40 mA 
(Pulse Width < 100 ms; duty cycle < 50%) 


Peak Surge Input Current - IFPKsurge 
100 mA 
(Pulse Width < 0.2 ms; duty cycle < 0.1%) 


Reverse Input Voltage - VR •........••••.•••.......••••.••••...•...•.•...•••.•••••.•..... 
5 V 
Average Output Current - Figure 2 
Connection A - 10 
0.8 A 
Connection B - 10 
1.6 A 
Single Shot Output Current - Figure 3 
Connection A - IOPKsurge (Pulse width < 10 ms) 
5.0 A 
Connection B - IOPKsurge (Pulse width < 10 ms) 
10.0 A 
Output Voltage 
Connection A - Vo 
-90 V to +90 V 
Connection B - Vo 
0 V to +90 V 
Average Output Power Dissipation - Figure 4 
800 mWl21 


Thermal Resistance 
Maximum Output MOSFET Junction to Case - 9JC = 15°C/W 


Demonstrated ESD Performance 
Human Body Model: MIL-STD-883 Method 3015.7 - Class 2 


Parameter 
Symbol 
Min. 
Max. 
Units 


Input Current (on) 
IF<oNl 
5 
20 
mA 


Input Voltage (off) 
VF(OFF) 
0 
0.6 
Volt 


Operating Temperature 
TA 
-55 
+125 
°C 


Electrical Specifications 
TA =-55°C to +125°C, unless 
otherwise 
specified. 


Connec· 
Parameter 
tion 
Sym. 
Min. 
Typ •• 
Max. 
Units 
Test 
Conditions 
Fig. 
Notes 


Output 
Withstand 
1VO<OFFlI 90 
110 
V 
VF= 0.6 V, 10 = 250 ~ 
5 
Voltage 


Output 
A 
!\ON) 
0.40 
1.0 
Q 
IF = 10 mA, 10 = 800 mA, 
6,7 
3 
On-Resistance 
(pulse duration,.; 
30 ms) 


B 
0.12 
0.25 
IF = 10 mA, 10 = 1.6 A, 
(pulse duration,.; 
30 ms) 


Output 
Leakage 
~OFF) 
10-4 
250 
JlA 
VF= 0.6 V, Vo = 90 Y, 
8 
Current 


Input 
Forward 
VF 
1.0 
1.24 
1.7 
V 
IF= 10 mA 
9 
Voltage 


Input 
Reverse 
VR 
5.0 
V 
IR = 10 JlA 
Breakdown 
Voltage 


Input-Output 
11-0 
1.0 
JlA 
RH ,.;45%, t = 5 s, 
4,5 
Insulation 
VI-O= 1500 Vdc, 
TA = 25°C 


TumOn 
Time 
tON 
1.25 
6.0 
ms 
IF = 10 mA, Voo = 28 V, 
1,10, 
6 
10 = 800 mA 
11,12, 
13 


TumOn 
Time 
tON 
0.22 
ms 
IFPK= 100 mA, 
1 
With Peaking 
IFss = 10 mA 
Voo = 28 V, 10 = 800 mA 


Turn Off Time 
toFF 
0.02 
0.25 
ms 
IF= 10 mA, 
1,10, 
Voo = 28 V, 10 = 800 mA 
14,15 


Output 
Transient 


I~ol 


1000 
V/lls 
VpEAK=50Y, 
17 
Rejection 
CM = 1000 pF, 
CL = 15 pF, RM ~ 1 MQ 


Input-Output 
I d~;ol 


500 
V/IlS 
Voo= 5V, 
18 
Transient 
V1-O(PEAIO= 50 V, 
Rejection 
RL = 20 kn, CL = 15 pF 
• 


Typical Characteristics 
All typical values are at TA = 25°C, IF(ONl= 10 rnA, VF(OFFl= 0.6 V unless otherwise 
specified. 


Parameter 
Symbol 
Test 
Conditions 
Typ. 
Units 
Fig. 
Notes 


Output 
Off-Capacitance 
CO(OFFl 
Vo = 28 V, f = 1 MHz 
145 
pF 
16 


Output 
Offset Voltage 
IVos' 
IF = 10 rnA, 10 = 0 rnA 
2 
~V 
19 
7 


Input Diode Temperature 
t.Vr/t.TA 
IF = lOrnA' 
-1.4 
mV/C 
Coefficient 


Input 
Capacitance 
C1N 
VF= 0 V, f = 1 MHz 
20 
pF 
8 


Input-Output 
Capacitance 
CI-O 
VI-O= 0 V, f = 1 MHz 
1.5 
pF 
4 


Input-Output 
Resistance 
RI_o 
V1_0= 500 V, t = 60 S 
1013 
n 
4 


Notes: 
1. Maximum 
junction 
to case thermal 
resistance 
for the device is 15°CIW, where case temperature, 
Tc, is measured 
at the center 
of the package bottom. 
2. For rating, 
see Figure 
4. The output 
power Po rating 
curve is obtained 
when the part is handling 
the maximum 
average 
output 
current 
10 as shown in Figure 
2. 


3. During the pulsed RoN measurement 
(10 duration 
<30 msl, ambient 
(TA) and case temperature 
(Tel are equal. 


4. Device considered 
a two terminal 
device: pins 1 through 
4 shorted 
together 
and pins 5 through 
8 shorted 
together. 


5. This is a momentary 
withstand 
test, not an operating 
condition. 


6. For a faster turn-on 
time, the optional 
peaking 
circuit shown in Figure 
1 may be implemented. 
7. Vos is a function 
of IF' and is dermed between 
pins 5 and 8, with pin 5 as the reference. 
Vos must be measured 
in a stable 
ambient 
(free of temperature 
gradients). 


8. Zero-bias capacitance 
measured 
between 
the LED anode and cathode. 


CAUTION: 
Maximum 
Switching 
Frequency - Care should be taken during 
repetitive switching 
of 
loads so as not to exceed the maximum 
output current, maximum 
output power dissipation, 
maximum 
case temperature, 
and maximum 
junction 
temperature. 
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R1 = REQUIRED 
CURRENT 
LIMITING 
RES'STOR 


FOR I F (ONr 10 mA. 


R2 = PULL·UP 
RESISTOR 
FOR YF (OFf) < 600 mY; 
IF (Ycc• "oHJ 
<600 mY, OMIT R2. 


R3. C = OPTIONAL 
PEAKING 
CIRCUIT. 


R3 
IF(PK) 
HSSR·7110 
(0) 
(mAl 
ION (ms) 
- 
10 (NO PK) 
2.0 
330 
20 
1.0 
100 
40 
0." 
33 
100 
0.22 
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CONNECTION 
- A 
IF~10mA 
- 
9CA = 4O"CIW 
-- 
9CA=8O"CIW 


Figure 
2. Maximum 
Average 
Output 
Current 
Rating 
V8. Ambient 
Temperature. 
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Figure 
6. Normalized 
Typical 
Output 
Withstand 
Voltage 
V8. 
Temperature. 


10.7 


CONNECTION 
A 


VF '" O.6Y 
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Figure 
8. Typical 
Output 
Leakage 
Current 
V8. Temperature. 
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Figure 
3. Single Shot (non- 
repetitive) 
Output 
Current 
V8. Pulse 
Duration. 
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Figure 
4. Output 
Power 
Rating 
vs. 


Ambient 
Temperature. 
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Figure 
6. Normalized 
Typical 
Output 
Resistance 
vs. Temperature. 
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Figure 
9. Typical Input 
Forward 
Current 
V8. Input 
Forward 
Voltage. 
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Figure 
11. Typical Turn On Time 
VB. 
Temperature. 
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Figure 
14. Typical Turn Off Time VB. 
Temperature. 
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Figure 
12. Typical Turn On Time 
VB. 
Input Current. 
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Figure 
13. Typical Turn On Time 
VB. 


Voltage. 


CONNECTION 
A 
f= lMHz 
TA = 250C 


dYo 
(0.8) Y(P£AK) 
(0.8) Y(PEAK) 
dI = --,,-- 
OR --,,-- 


OYERSHOOT 
ON YP£AK IS TO BE ~ 10"J1.. 


VII 
MONITOR 
NODE 
~I 


K~1"""j 


"'----- 
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CL 


(C L INCLUDES 
PROBE 
PLUS 
FIXTURE 
CAPACITANCE) 
1 
V1n -=- 
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L 
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5, 
AT A (VF '" OV) '-£....---------- 
YO(OfF) (mln) 
O!: 3.25V 


Yo(ONl 
~ 
Yo(ONl( •••• 
) < 0.8 


S, 
AT B (IF' 'limA) 


dVt-O 
(D.B)VI-O(PEAK) 
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~= 
tr 
OR 
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OVERSHOOT 
ON Y..cc:PEAK) 
IS TO BE s 10% 
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I 
IL 
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Vo 


ROUT 
+2.8V 


1.00 


V'N 
R'N 
II 
2000 
S.5Y 
ROUT 


1.00 


T,.= 
LED JUNCTION 
TEMPERATURE 
TJt1= FET 1 JUNCTION 
TEMPERATURE 


TJt2 = FET 2 JUNCnON 
TEMPERATURE 
lJd= 
FET DRIVER JUNCTION 
TEMPERATURE 
TC = CASE TEMPERATURE 
(MEASURED 
AT CENTER 
OF PACKAGE 
BOTTOM) 


TA = AMBIENT 
TEMPERATURE 
(MEASURED 
6" AWAY 
FROM THE PACKAGE) 


6CA, = CASE·To-AMBIENT 
THERMAL 
RESISTANCE 
• 


Applications 
Information 
Thermal 
Model 
The steady state thennal 
model 
for the HSSR-7110 is shown in 
Figure 21. The thermal 
resis- 
tance values given in this model 
can be used to calculate the 
temperatures 
at each node for a 
given operating condition. The 
thermal 
resistances 
between the 
LED and other internal 
nodes 


are very large in comparison 
with the other terms and are 
omitted for simplicity. The com- 
ponents do, however, interact 
indirectly through 6cA> the case- 
to-ambient 
thermal resistance. 


All heat generated 
flows 
through 6CA' which raises the 
case temperature 
Tc accord- 
ingly. The value of 6CA depends 
on the conditions of the board 
design and is, therefore, deter- 
mined by the designer. 


The maximum value for each 
output MOSFET junction-to- 
case thennal 
resistance 
is speci- 
fied as 15°CIW. The thennal 
resistance 
from FET driver 


junction-to-case 
is also 15°CIW. 
The power dissipation in the 
FET driver, however, is 
negligible in comparison to the 
MOSFETs. 


On-Resistance 
and Rating 
Curves 
The output on-resistance, 
RoN, 
specified in this data sheet, is 
the resistance 
measured 
across 
the output contact when a 
pulsed current signal (10 = 800 
rnA) is applied to the output 
pins. The use of a pulsed signal 


(:0; 30 ms) implies that each 
junction temperature 
is equal to 
the ambient and case tempera- 
tures. The steady-state 
resist- 
ance, Rss, on the other hand, is 
the value of the resistance 
measured 
across the output 
contact when a DC current sig- 
nal is applied to the output pins 
for a duration 
sufficient to reach 
thermal equilibrium. 
Rss 
includes the effects of the tem- 
perature 
rise of each element in 
the thennal 
model. 


Rating curves are shown in 
Figures 2 and 4. Figure 2 speci- 
fies the maximum average 
output current allowable for a 
given ambient temperature. 
Figure 4 specifies the output 
power dissipation 
allowable for 
a given ambient temperature. 
Above 55°C (for 6CA = 80°CIW) 
and 107°C (for 6CA = 40°CIW), 
the maximum allowable output 
current and power dissipation 
are related by the expression 
Rss = P0(max)/(l0(max»2 
from 
which Rss can be calculated. 
Staying within the safe area 
assures that the steady-state 
junction temperatures 
remain 
less than 150°C. As an example, 
for TA = 95°C and 6CA = 80°CIW, 
Figure 2 shows that the output 
current should be limited to less 
than 610 mA. A check with 
Figure 4 shows that the output 
power dissipation 
at TA = 95°C 
and 10 = 610 rnA, will be limited 
to less than 0.35 W. This yields 
an Rss of .94 Q. 
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BarCode 
Components 


• Digital Wands and Slot Readers 
• Sensors and Sapphire Tips 
• Intelligent Wands 
• Digitizer and Decoder Ies 
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HEWLETT 
~r...•PACKARD 


Bar Code Components 


Bar Codes have gained wide 
acceptance in a myriad of 
applications 
where accuracy and 
expediency of data entry are 
important. 
Hewlett-Packard 
offers a broad line of quality bar 
code components. With an OEM 
focused business strategy, HP 
offers an extensive array of 
products ranging from optical 


reflective sensors, tips and 
decoder ICs to slot readers, 
digital bar code wands, and 
intelligent 
scanners. In essence, 
HP's family of bar code products 
are designed for ease of use, 
flexibility, integrity of design, 
and products with commitment 
to excellence in service, support, 
and reliability. 


Part 
Page 
Package OuUlne Drawing 
Number 
DescrlpUon 
Features 
No. 


* 
HBKW-1010 
HPKeyWand 
• Bar Code Scanning, Decoding 
7-8 
Bar Code Reader Wand 
and Keyboard-Emuialed 
Output 


~ 


Low Resolution (O.33mm) 
(For IBM PC's) Self-contained 


~ 
Compalble 
WIIh: 
Wrthin Contact Scanning Wand 


IBM PC, PCIXT, PC/AT 
• Automatic Recognlion 
and 
HBKW-1015 
HP KeyWand 
Decode of 7 Standard Bar Code 


Bar Code Reader K~ 
Symbologies 


HBKW-1020 
HPKeyWand 
• Opticaily Programmable 
VI8 
Bar Code Reader Wand 
Scanning of Bar Code Menus 
Low Resolution (O.33mm) 
Cornpalble Wrth: 
• Configuration Stored In Non- 
IBM PS/2 
Volatile Memory 


HBKW-1025 
HPKeyWand 
• Rugged Poly~nate 
Case 
Bar Code Reader K~ 
• Powered From PC Keyboard Port 


HBKW-1210 
HPKeyWand 
Bar Code Reader Wand 
• Automatic Recognlion 
of 
General Purpose (O.19mm) 
Mode and Code Set for 
Cornpalble Wrth: 
Most PC Models 
IBM PC, PCIXT, PC/AT 
HP KeyWand Bar Code Reader 


HBKW-1215 
HPKeyWand 
K~ Contains: 


Bar Code Reader K~ 
- KeyWand Bar Code Reader Wand 
- Install & Operation Guide 
HBKW-1220 
HPKeyWand 
- Wand Holder 
Bar Code Reader Wand 
General Purpose (O.19mm) 
Compallble Wrth: 
IBM PS/2 


HBKW-1225 
HP KeyWand 
Bar Code Reader K~ 


HBKW-1410 
HPKeyWand 
Bar Code Reader Wand 
High Resoluticn (O.13mm) 
Cornpalble Wrth: 
IBM PC, PCIXT, PC/AT 


HBKW·1415 
HP KeyWand 
Bar Code Reader Kit 


HBKW-1420 
HP KeyWand 
Bar Code Reader Wand 
High Resolution (O.13mm) 
Cornpallble With: 
IBM PS/2 


HBKW-1425 
HPKeyWand 
Bar Code Reader Kit 
• 


.. 
... 


Part 
Page 
Package OuUlne Drawing 
Number 
DeacrlpUon 
Features 
No. 


• 


~ 


HBSW-8000 
HP SmartWand 
• Automatic Reoogniion 
and 
7-12 


~ 


Programmable Contact 
Decode of 7 Standard Bar Code 
Bar Code Reader 
Symbologies 
Rugged PoIycaIbonaIe Case 
Low Resolution (O.33mm) 
• t5V Serial Asynchronous Output 


HBSW-81oo 
HP SmartWand 
• Flexible Programming Capabiliy 


~ 


Programmable Contact 
-Via Escape Sequences or 
_.- 
Bar Code Reader 
.{)plical Scanning of Bar Codes 
Rugged Metal Case 
Low Resolution (O.33mm) 
• Configuration Stored in Non- 


Volatile Memory 
• 
HBSW-8200 
HP SmartWand 


~ 


Programmable Contact 
• High Ambient Light Rejedion 


~ 
Bar Code Reader 
(lOOK Lux) 
Rugged Polycarbonale Case 
Low Resolution (0.19mm) 
• Rugged Epoxy Coaled Metal Case 
-Replaceable Tip (HBC8-4999) 


~ 


HBSW-8300 
HP SmartWand 
-25KV ESD Immunity 
Programmable Contact 
-Force Required to Deform Case 
Bar Code Reader 
181 Kg (400 Ils) 
Rugged Metal Case 
Low Resolution (O.l9mm) 
• Rugged Polycarbonate Case 
-Replaceable Case (HBCS-A991) 
• 
HBSW-84OO 
HP SmartWand 
-l5KV 
ESD lsoIaIion 


~ 


Programmable Contact 
-Force Required to Deform Case 
~ 
Bar Code Reader 
100 Kg (220 Ibs) 
Rugged Polycarbonale Case 
Low Resolution (O.l3mm) 


HBSW-8500 
HP SmartWand 


~ 


Programmable Contact 
_.- 
Bar Code Reader 
Rugged Metal Case 
Low Resolution (O.l3mm) 


Part 
Page 
Package OuUlne Drawing 
Number 
Descr1IlUOll 
Features 
No. 


~ 


HBCS-AOOO 
Low Current Digital 
• Low Continuous Current Draw 
7-16 
-~ 


Bar Code Wand 
(Less Than 5 mAl 
(with Switch) 
• High Ambient Light Rejedion 
Resolution O.33mm 
• 0 to 45 degree Scan Angle 
• Push to Read Switch for Uhra 


~ 


HBCS-A100 
Low Current Digital 
Low Power Consumption 


~ 


Bar Code Wand 
• Rugged PoIyca1bona1eCase 
(without Switch) 
·l5KV 
ESD IsoIaIion 
Resolution O.33mm 
• One Piece Case Design 
• Replaceable Case: 


~ 


HBCS-A200 
Low Current Digital 
-HBCS-A990 (Tool) 
-~ 


Bar Code Wand 
-HBCS-A991 (Wfhout Switch) 


(with Sw~ch) 
-HBCS-A992 (Wfh Sw~ch) 
Resolution O.l9mm 
• Full Line of Options Available 


~ 


HBC5-A300 
Low Current Dig~a1 


~ 


Bar Code Wand 
(without Switch) 
Resolution O.l9mm 


~ 


HBCS-A400 
Low Current Dig~1 
-~ 


Bar Code Wand 
(w~h Sw~hch) 
Resolution O.l3mm 


~ 


HBC5-A500 
Low Current Dig~1 


~ 


BarCode Wand 
(w~hout Sw~ch) 
Resolution O.l3mm 


HBCS-6tOO 
Low Current Dig~al 
• Low Continuous Current Draw 


~ 


Bar Code Wand 
(Less Than 5 mAl 
Resolution O.33mm 
• 0 to 45 degree Scan Angle 
• Sealed Sapphire Tip 
HBCS-6300 
Low Current Digital 
• High Ambient Lig~t Rejedion 
Bar Code Wand 
• Sealed Sapphire Tip 
Resolution O.l9mm 
• Replaceable Tp (HBCS-4999) 
• Metal Case 
HBC5-6500 
Low Current Dig~al 
• 25KV ESD Immunity 
Bar Code Wand 
• Full Line of Options Avaiable 


Resolution O.l3mm 
• 


.. 
". 


Part 
Page 
Package OUUlne Drawing 
Number 
DescrIption 
Features 
No. 
t 
0] 


HBCS-7000 
Industrial Dig~a1 
·125 mil Slot Width 
7-23 
Slot Reader, 
·Epoxy FlIlished Metal Housing 
VISible Red (66Onm) 
·WIde Scan Speed Range 


Resolution O.l9mm 
•T~ 
Proof Design 
·AISOCompalible with Low 
[[ 
0) 


HBCS-7050 
OpliclElec:lronics Module, 
Resolution Bar Codes 
VISible Red (66Onm) 
.Dig~a1 Output 
Resolution O.l9mm 
b:' 
J 


HBCS-71 00 
Industrial Dig~a1 
Slot Reader, 
Infrared (88Onm) 
Resolution O.l9mm 
lL 
0) 


HBGS-7150 
OpticlElec:lronics Module, 
Infrared (88Onm) 
Resolution O.l9mm 


Ne~ 
HBCR-1610 
Single Ch~ Wand and 
·Available in CMOS and either 
7-49 
--...- 
Ne~ HBCR-1611 
Slot Reader (Dig~a1lnput) 
40 Pin DIP, 44 Pin PLCC, or 
Ne~ HBCR-1612 
Bar Code Decoder IC 
44 Pin OFP Packages 


·Auto discriminates 5 Popular 
Bar Code Symbologies 
·FuN Duplex Serial or Parallel 
ASCII Output 
·Program via Escape Sequences 
·Requires Single +5V SLWly 


- 
HBCR-2210 
Wand and Laser Input 
·Available in CMOS and either: 
H/J 
HBCR-2211 
Multi-Purpose Bar Code 
40 Pin Dip or 44 Pil PLCC 
40 Pin DIP 
Decoder IC. 
Package. 


l 
·Auto-discrimilation 
of7 


••• 
~ I 
••• 
a Q". 
Industry Standard Symbologies 
0 
·· 


oChoice of Serial or Parallel 
· 
InpulIOutput Capabil~ 
. 
· 
" 
· 
I 
·May be Programmed E~her 
.. 
· 
" 
· 
Optically (with a Wand) or 
.. 
· 
II 
.. 
.. 
via Escape Sequences 
.. 
· 
" 
· 


·Input and Output Data Buffering 


••••m" 
11 
III 
10 1IlI.:P. 
·Requires a Single +5V Supply 


44 Pin PLCC 


•• aQ" 
••••• 
3131lS:IO 


,0 
·· 
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44 Pin orp 


Part 
Page 
Package OuUlne Drawing 
Number 
Description 
Featuret 
No. 


HBCS-1100 
High Resolution 
• 0.19 mm (.0075 in.) SpoI Size 
7-29 
10 


Optical RellectiveSensor 
• Fully Specified and Guaranteed 
lor Assured Performance 
• V"1SbIe(700 nm) Light Source 


Can Detect Most Colors 
• Photo IC Detector Optimizes 


Speed and Response 
'T~5M~~u~~P~ 


NeW 
HEDS-l500 
Precision Optical 
• 0.178 mm (0.007 in.) SpoI Size 
7-43 


Rellec:tive Sensor 
• Fully Specified and Guarenteed 


lor Assured Performance 
• Visible Red (655 nm) Light 


Souce (Emitter) 


• Photodiode Output 
• T~5 
M~ialure Sealed Package 


NeW HEDS-l200 
Ullra High Resolution 
• 0.13 mm (0.005 in.) SpoI Size 
7-35 


Optical Rellective Sensor 
• Fully Specified and Guarenteed 


lor Assured Performance 


• Inlrared (820 nm) Light Source 
• Photodiode Output 
• T~5 
M~ialure Sealed P~ 


NeW HEDS-l300 
Similar to the HBCS-1100 
• 0.19 mm (.0075 in.) SpoI Size 


with the Following 
• Fully Specified and Guaranteed 


Dillerences: 
lor Assured Performance 


- Different Pinout, Same as 
• V"tsibIe(700 nm) Light Source 


HE05-1200 
Can Detect Most Colors 
- Mechanical Baffle to 
• Photo IC Detector Optimizes 


Reduce Stray Light 
Speed and Response 


- Binned by Pholocurrent 
• T~5 
M~ialure Sealed Package 
• 


. . 
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Hewlett-Packard 
KeyWandBar Code Reader 
with Good Read LED 
Indicator 


Description 
The HP KeyWand bar code 
reader lets you scan data directly 
into a personal computer via the 
keyboard interface, without 
hardware or software modifica- 
tion. All electronics are self- 
contained within the compact 
wand for clutter-free operation. 
Features 
• Works with mM 
Compatible 
Computers: 


HP Vectra ES, RS, QS, 286, 
386,486 
IBM PC, PC/XT, PC/AT 
IBM PS/2 


• Operation 
With or Without 
the Keyboard 
Attached 


• Powered 
from PC 


• Bar Codes Read 
Code 39/Extended Code 39 
Interleaved 
2 of 5 
UPC A, E 
EAN 8, 13 
Code 11 
Code 128 
MSI Code 
Code 93 
Codabar 


• Programmable 
Via Bar 
Code Menus 


• Rugged 
Polycarbonate 
Case 


• 15 KV ESD Case Isolation 


• Automatic 
Recognition 
of 
Mode and Code Set for 
Most PC Models 


Applications 
• Manufacturing: 
Work-in-process 
Inventory control 
Shipping and receiving 
Warehousing and distribution 


• Retail 
POS 


• Library 
Circulation 


• Office Automation: 


Document tracking 


• Health 
Industry: 


Medication dispensation 
Blood banks 


Physical 
Weight: 
160 g (5.6 oz) 
Color: 
Gray 


Environmental 
Operating Temp.: -20°C to 70°C 
Storage Temp.: 
-40°C to 70°C 


Relative humidity: 
5% to 95% 
(non-condensing) 


Ambient light: 
lOOKlux (max) 


Rain: 
MIL-STD-810, Method 
506, Procedure II 


Dust: 
MIL-STD-810, Method 
510 


Shock: 
Ten drops to sealed con- 
crete (random orienta- 
tion) from 1.2 meters 
(4 feet) 


Typical Current Draw 
Idle 
10 mA 
Operating: 
20 mA 


a LED ON 
+11 mA 


Wand Specifications 
Tilt angle 
5° to 40° 


Scan speed 
7.6 to 127 cm/s 
(3 to 50 in/s) 
Min. contrast 
45% 


Light Wavelength 
HBKW-10xx 
655 nm 
HBKW-12xx 
655 nm 
HBKW-14xx 
820 nm 
Caps Lock Detection 
The HP KeyWand reader detects 
the state of the Caps Lock key 
and sends data in the proper 
case, except for original PCs and 
PCIXTs. 


Keyboard Languages 
u.S. English 
Finnish 


U.K English 
French Canadian 
French 
Latin American 
German 
Norwegian 


Italian 
Portuguese 
Spanish 
Swedish 
Dutch 
Swiss French 
Belgian 
Swiss German 
Danish 


FCC Certification 
This equipment has been tested 
and found to comply with the 
limits for a Class B digital 
device, pursuant 
to Part 15 of 
the FCC Rules. These limits are 
designed to provide reasonable 
protection against harmful 
interference 
in a residential 
installation. 
This equipment 
generates, 
uses and can radiate 
radio frequency energy and, if 
not installed and used in 
accordance with these instruc- 
tions, may cause harmful inter- 
ference to radio communications. 
However, there is no guarantee 
that interference 
will not occur 
in a particular 
installation. 
If 
this equipment does cause 
harmful interference 
to radio or 
television reception, which can 
be determined 
by turning the 
equipment off and on, the user 
is encouraged to try to correct 
the interference 
by one or more 
of the following measures: 
• Reorient or relocate the 
receiving antenna 


• Increase the separation 
between the equipment 
and 
the receiver 
• Connect the equipment into 
an outlet on a circuit different 
from that to which the 
receiver is connected 


• Consult the dealer or an 
experienced radio/television 
technician for help 


Model 


HBKW-1000 
Series 


FCC 
Iden tification 


FCCID: 
B94KDRZ 


Audible Feedback 
The HP KeyWand bar code read- 
er produces audible "good read" 
feedback by prompting the 
internal beeper resident in the 
host PC in one of two ways: 


Method #1 


The HP KeyWand reader is 
configured to send a beep code 
before transmitting 
its bar code 
data. 
The code is interpreted 
by 


the system BIOS as a keyboard 
buffer overflow condition, 
prompting the host personal 
computer to activate its own 
internal beeper (tone may vary). 
The beep code does not affect the 
bar code data and is removed by 
the BIOS. 


The pitch and duration of the 
tone can be modified by using an 
uploadable TSR program that is 
resident in the HP KeyWand 
reader. 
This program, 


KWCAF.EXE, is needed for 
reliable beep operation with 
some PCs. 


Method #2 


The HP KeyWand reader can be 
configured to output a header 
message before the bar code 
data. 
The application software 


can utilize these header 
characters 
to activate feedback. 


Visible Feedback 
A green LED will flash to 
indicate good reads, successful 
scanning of configuration labels, 
successful powering up, and will 
flash an error code if anything 
fails in the KeyWand Reader. • 


.. 
... 


Wand Configuration 
The HP KeyWand bar code read- 
er can be configured by scanning 
special bar code labels. This al- 
lows decoding options and inter- 
face protocols to be tailored to a 
specific application. 
The configu- 


ration is stored in nonvolatile 
memory and cannot be changed 
by removing power from the 
wand or by scanning standard 
bar code labels. The HP Key- 
Wand reader may be reconfig- 
ured at any time to accommodate 
changing application require- 
ments. 


Configuration labels with 
detailed instructions 
on how to 


use them are printed in the HP 
KeyWand Installation 
and 


Operation Guide (Part #HBKW- 
1910).o 


KEYBOARD 


ATTACHMENT 


OPTIONAL 


CONFIGURATIONDISPLAY 
Version 
14.3 - - -- - -- - -- - -- -. - -- -.- - -- -- 
(c) 
Hewlett-Packard 
1986-1992 


CODE IREAD ICHECKCHAR1 LENGTHI CODE1D 
I 
OTHERCONFIG. SETTINGS 


___ 
I__ 
lverif_xmi 
t_lmin_max 
Ixmit: 
[off] 
1- - --- --- ---- 
---- 
.-- - .----- 
Code 39 I [yes] I [no] 
I yes 
1[1] 
[32]1 
[a] 
1Extended: 
[no] 


I nt. 
2/51 [yes] I [no] 
I yes I [4] 
[32] 1 
[b] 
1Length: 
[vari able] 
Codabar I [yes] I [no] 
1 no 
1[1] 
[32]1 
[d] 
IInclude 
start/stop: 
[yes] 
Code 1281[yes] 1 yes 
1 no 
1[1] 
'[32]1 
[e] 
1 
Code 11 1[yes] 1 [1] 
1 yes 
1[2] 
[32] I 
[f] 
I 


MSI Code1[yes] 1 yes 
1 yes 
1[3] 
[32]1 
[g] 
I 


Code 93 1[yes] 1 yes 
1 no 
1[1] 
[32]1 
[h] 
I 


UPC/EANI [yes] I yes I yes 
1 fixed 
1 
[c] 
I [+ none] 
E: [0] 
I 
I 
I 
I 
1 
1EAN:[yes] 
1D chars: [off] 
-- -- - MESSAGECa-1PONENTS 
- - -- -- -- -- - - - - - -- -- -- -- -- - - - - - -- - -- -- -- -- -- - - - -- 


Ctrl 
character 
= A + letter 
«nn» 
= Extended Key Index 


Header: [«61 »] 
Trai ler: 
[AM] 
No-read: [«61 »«61 
»] 


--- 
KEYCODES----------OPERATOR 
FEEDBACK----------- 
MISCELLANEOUS------- 
Key Delay: [1] 
ms 
IReady Signal: 
[on] 
I [\ledge] 
(using 
keyboard) 


[U.s. 
Engl ish] 
IMenu Scan Responses: [on] 
INo'read 
recognition: 
[off] 
Code Set: [auto]->2IGood 
Read LED:[flashes] 
1Family: [auto]->PC/AT,PS/2 
ALT Sequence: [off] 
1 
ICntl 
Chars: [ASCII] 


The wand can display its current configuration on the computer's screen. 
See example above. All items within the square brackets [ ] are configurable. 


t 
-I 
35.6 r 
(1.4) 
Ii 


559 
(22.0) 


i 
2 


54t- 
~ 


(10) 


3331 


203 I 


----.--- 
(131)'" 
(80) •. 


,. 
(2) 


508 
r--ln 
CTTTt-== 


(2.0) 
~ 
'U1J 


l_T.CONNECTOR 


(1) 


~ 


.1 


HBCK-,Q10/1210/1410 
(1) 
MALE 5-PIN DIN CONNECTOR 
(2) 
FEMALE 5-PIN DIN SOCKET 


HBCK-'020f1220/1420 
(1) 
MALE G-PIN MINI DIN CONNECTOR 


(2) 
FEMALE G-PIN MINI DIN SOCKET 


Selection Guide 
General 
Purpose 
Wands 


• Narrow Element width 
0.19 mm (0.0075 in) or greater 


• 
Label types include: 
Dot Matrix (>9 wire) 
- 
Direct thermal 
- 
Thermal transfer 


• The general purpose wand is 
appropriate 
for most bar code 
applications 


Low Resolution 
Wands 


• Narrow Element width 
0.33 mm (0.013 in) or greater 


• Label types include: 


- 
Dot Matrix (9 wire) 
- 
Small spots and voids 
- 
Lower contrast 


High Resolution 
Wands 


• Narrow Element width 
0.13 mm (0.005 in) or greater 


• Label types include: 


- 
High Density Labels 
- 
Infrared security labels 
- 
Thermal transfer 
Warranty and Service 
The Hewlett-Packard 
KeyWand 
Bar Code Reader is warranted 
for a period of one year after pur- 
chase covering defects in materi- 
al and workmanship. 
Hewlett- 
Packard will repair or, at its op- 
tion, replace products that prove 
to be defective in material or 
workmanship 
under proper use 
during the warranty 
period. 


HEWLETT·PACKARD 
MAKES 
NO WARRANTY 
OF ANY KIND 
WITH REGARD 
TO THIS MATE- 
RIAL, INCLUDING, 
BUT NOT 
LIMITED 
TO, THE IMPLIED 
WARRANTIES 
OF MERCHANT- 
ABILITY 
AND FITNESS 
FOR A 
PARTICULAR 
PURPOSE. 


Ordering Information 
HP KeyWand Bar Code Reader Kit 
• HP KeyWand Bar Code Reader 
• Installation 
and Operations Guide (HBKW-1910) 
• Wand Holder (HBKW-1920) 


5 Pin DIN 
Connector 
HBKW-1215 


HBKW-1015* 
HBKW-1415* 


6 Pin 
Mini·DIN 
Connector 
HBKW-1225 


HBKW-1025* 
HBKW-1425* 


HP Vectra ES, RS, QS 
mM PC, PCIXT, PC/AT 
Kit iwth HBKW-1210 General Purpose Wand 


Kit with HBKW-1010 Low Resolution Wand 
Kit with HBKW-1410 Low Resolution Wand 


Vectra 
286, 386, 486 
mM PS/2 Models 
Kit with HBKW-1220 General Purpose Wand 


Kit with HBKW-1020 Low Resolution Wand 
Kit with HBKW-1420 Low Resolution Wand 


Universal 
KeyWand Kit 
HBKW-1240 
Will work with either 5-pin or 6-pin PCs. 
Same as HBCK-1215 with adapter connectors 
(HBKW-1925) 
Items Ordered Separately 
HBKW-1210 
General Purpose Wand, 5 Pin DIN Connector 
HBKW-1220 
General Purpose Wand, 6 Pin mini-DIN Connector 


HBKW-lOlO* 
Low Resolution Wand, 5 Pin DIN Connector 
HBKW-1020* 
Low Resolution Wand, 6 Pin mini-DIN Connector 
HBKW-1410* 
High Resolution Wand, 5 Pin DIN Connector 
HBKW-1420* 
High Resolution Wand, 6 Pin mini-DIN Connector 


HBKW-1910 
Installation 
and Operation Guide 
HBKW-1920 
Wand Holder 
HBKW-1925 
Adapter Connectors (DIN <-> Mini-DIN) 
HBKW-1991 
Replacement Tip/Case 
HBCS-A990 
Case Replacement Tool 
I 


' . 
". 
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HP Programmable Metal and 
Polycarbonate 
SmartWand 
Bar Code Reader (with Good 
Read LED Indicator) 


Features 
• Automatically 
Decodes 8 
Bar Code Symbologies 
• Programmable 
Either 
by 
Bar Code Labels or Via 
Escape Sequences 
• Program 
Stored in Non- 
Volatile Memory 
• CMOS Interface 


- Output 0 to 5 volts 
- Input up to ±15 volts 
• Polycarbonate 
SmartWand 


- Good Read LED Indicator 
- 15 KV ESD Isolation 
• Metal SmartWand 
- Rugged Industrial 
Design: 


181 Kg (400 Ibs) Force 
Required to Deform the Case 
- 25 KV ESD Immunity 
Description 
The Hewlett-Packard 
Program- 
mable SmartWand 
Reader is an 
intelligent peripheral 
designed 
to easily add bar code scanning 
capability to any host system 
which can support a 5 volt serial 
asynchronous interface. A 
microprocessor, decoding soft- 
ware, optical and escape 
sequence programmability, 
non- 
volatile memory and a high 
performance contact scanner 
are integrated 
into a standard 
wand package. The HP 
SmartWand 
reader transmits 


decoded data in a serial ASCII 
format, freeing the host proces- 


RLEA"EO" 
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sor from the decoding task. The 
optics and electronics allow 
operation in a wide range of 
environments. 


The HP SmartWand Reader 
automatically 
recognizes and 
decodes seven standard bar 
code symbologies. Code type 
identification, label length 
checking, and check character 
verification are options that 
when enabled ensure a high 
level of data integrity. There is 
a power on self test to ensure 
that the wand is operating 
properly. 


Polycarbonate 
HBSW-8000 
HBSW-8200 
HBSW·8400 


Metal 
HBSW·8100 
HBSW·8300 
HBSW-8500 


Bar Codes Read 
Code 39 
Extended Code 39 
Int. 2 of 5 
Code 128 
UPC A, E 
EAN 8, 13 
Codabar 
Code 11 


MSI Code 
Code 93 


Programmable 
Features 
Bar code selection 
Check character verification 
Check character transmission 
Serial Port baud rate 
Serial Port parity 
Serial Port pacing 
Headers and terminators 
Label length checking 
No read recognition 


Wand Specifications 
Tilt Angle 
5° to 40° 
Scan Speed 
7.6 to 127 crn/s 


(3 to 50 in/s) 


Minimum Contrast 
.45% 
Light Wavelength 
655 nm 


(8000,8100,8200,8300 
Wands) 
Light Wavelength 
820 nm 


(8400, 8500 Wands) 
Resolution: 
8000,8100 Wands 
0.33 mm 
(0.013 in) 
8200,8300 Wands 
0.19 mm 


(0.0075 in) 
8400,8500 Wands 
0.13 mm 
(0.005 in) 


Environmental 
Temperature: 
Operating: 
-20°C to 70°C (_4°F to 158°F) 


Non -operating: 
-40°C to 70°C (-40°F to 158°F) 
Relative 
Humidity: 


(Non-condensing): 
5% to 95%. 
Ambient 
Light: 


100,000 lux (maximum) 


Pinout 


Pin # 
Function 


2 
TxD transmitted 
data 
(from the wand) 
3 
RxD received data 
(to the wand) 
7 
Ground 


9 
Vcc 


Shell 
Shield 


Electrical 
Vcc Limits 
(V) 


Min 
Max 


Operating 
4.5 
6.0 
Absolute Rating 
-0.3 
6.0 


Vcc (V) 
4.5 
5.0 
6.0 


Idle 
9 
10 
12 
Scanning 
14 
16 
20 
Configuring 
23 
25 
29 


Visible Feedback 
A green LED will flash to 
indicate good reads, successful 
scanning of configuration labels, 
successful powering up, and will 
flash an error code if anything 
fails in the SmartWand 
Reader. 


FCC Certification 
This equipment has been tested 
and found to comply with the 
limits for a Class B digital 
device, pursuant 
to Part 15 of 
the FCC Rules. These limits are 
designed to provide reasonable 
protection against harmful 
interference 
in a residential 
installation. 
This equipment 
generates, 
uses and can radiate 
radio frequency energy and, if 
not installed and used in 
accordance with these instruc- 


tions, may cause harmful inter- 
ference to radio communications. 
However, there is no guarantee 
that interference 
will not occur 
in a particular 
installation. 
If 
this equipment does cause 
harmful interference 
to radio or 
television reception, which can 
be determined 
by turning 
the 
equipment 
off and on, the user 
is encouraged to try to correct 
the interference 
by one or more 
of the following measures: 
• Reorient or relocate the 
receiving antenna 
• Increase the separation 
between the equipment 
and 
the receiver 
• Connect the equipment 
into 
an outlet on a circuit different 
from that to which the 
receiver is connected 


• Consult the dealer or an 
experienced radio/television 
technician for help 


HP SmartWand 
FCC 
Identification 


HB8W-8xxx 
FCCID: 


Series 
B94KDRZ I 


.. 
". 


Wand Configuration 
The HP SmartWand 
bar code 
reader 
can be configured by 
scanning 
special bar code labels. 
This allows decoding options 
and interface 
protocols to be 
tailored 
to a specific application. 
The configuration 
is stored in 


nonvolatile 
memory and cannot 
be changed by removing 
power 
from the wand or by scanning 
standard 
bar code labels. The 
HP SmartWand 
Reader may be 
reconfigured 
at any time to 
accommodate 
changing 
application 
requirements. 


Configuration 
labels with 
detailed 
instructions 
on how u. 


use them are printed 
in the HP 
SmartWand 
User's Manual 
(PIN: HBSW-8997). 


CONFIGURATION 
DISPLAY 
--- 
Version 
12.5 -------------- 
•••• -------- 
(c) 
Hewlett-Packand 1986-1992 
I 
CODE IREADICHECKCHAR1 LENGTHI CODE10 I 
OTHERCONFIG.SETTINGS I 
1 
I 
lverif_xmit_lmin 
__maxlxmit:[off] 
1--······-···---------····- 
ICode 39 1[yes] I[no] 
1 yes 1[1] 
[32] 1 
[a] 
IExtended: 
[no] 
lInt. 
2151[yesll[no] 
1 yes 1[4] 
[32]1 
[b] 
ILength: 
[variable] 
ICodabar I [yes] I [no] 
1 no 
1[1] 
[32]1 
[ell 
IInclude 
start/stop: 
[yes] 
ICode 1281[yes] I yes 1 no 
1[1] 
[32]1 
[e] 
1 
1Code 11 I[yes] I [1] 
I yes 1[2] 
[32] I 
{f] 
1 


1"ISI CodeI [yes] I yes 
I yes 1[3] 
[32] 1 
[g] 
1 
ICode 93 I[yes] 1 yes I no 
1[1] 
[32]1 
[h] 
I 
IUPC/EANI [yes] I yes 
I yes 
1 fixed 
I 
[c] 
1[+ none] 
I E: [0] 
I 
I 
I 
I 
I 
lEAN:[yes] 
ID chars: [off] 
1--- ME~SAGE~ENTS 
(control 
character 
= A + letter) 
.-- •••• --- ••••••• 
IHeader: n 
I 
1No-read: [] 


ITrai ler: ["MAJ] 
IMessageReady:[AF] 


IReader Address: [] 
IMessageNot Ready:["U] 
1-- SERIALPORT--------- 
PACING--_._ •••• - ••• -.---- 
MISCELLANEOUS 
IBaud Rate: [96l'O] 
IXON/XOFFProtocol: 
[off] 
INo-Read Recognition: 
[off] 
IParity: 
[Ots] 
ISingle 
Read Mode:[off] 
Iscarner: [enabled] 


IStop Bits: 
[1] 
1----- 
FEEDBACK:[on] 
------IBuffering: 
[None] 
I[2<Rs]Delay: [off] 
ILED:[flashes] 
Active: 
[high] 1Ra4/RAMSel f Test: [off] 


_~_=300 
(12) 
200 is) 


12,7~ 


10.5001 ~L'-$1 ,,"~Jtr 


37.2ti 


4\\~~~ 
9 PIN 
D-SUB 
CONNECTOR 


(1.6401 
--.-J 


I~ 


~ 


15.24 


(0.600) 
7.87 
(0.3101 


NOTE: 
ALL 
DIMENSIONS 
IN 
MILLlMETAES 
AND 
!INCHES) 


Selection Guide 
General 
Purpose 
Wands 


• 
Narrow Element width 
0.19 mm (0.0075 in) or greater 


• 
Label types include: 


Dot Matrix (>9 wire) 


- 
Direct thermal 
- 
Thermal transfer 


• The general purpose wand is 
appropriate 
for most bar code 
applications 


Low Resolution 
Wands 


• 
Narrow Element width 
0.33 mm (0.013 in) or greater 


• 
Label types include: 
- 
Dot Matrix (9 wire) 
- 
Small spots and voids 
Lower contrast 


High Resolution 
Wands 


• 
Narrow Element width 
0.13 mm (0.005 in) or greater 


• 
Label types include: 


High Density Labels 
- 
Infrared security labels 
- 
Thermal transfer 
Warranty and Service 
The Hewlett-Packard 
SmartWand 
is warranted 
for a 


period of one year after pur- 
chase covering defects in 
material 
and workmanship. 


Hewlett-Packard 
will repair or, 


at its option, replace products 
that prove to be defective im 
material 
or workmanship 
under 


proper use during the warranty 
period. 


NO WARRANTY 
OF ANY KIND 


WITH REGARD 
TO THIS MATE- 


RIAL, INCLUDING, 
BUT NOT 


LIMITED 
TO, THE IMPLIED 


WARRANTIES 
OF MERCHANT- 
ABILITY 
AND FITNESS 
FOR A 


PARTICULAR 
PURPOSE. 


Ordering Information 
HP SmartWand Bar Code Reader Kit 
• HP SmartWand 
Bar Code Reader 
• User's Manual (HBSW-8997) 
• Wand Holder (HBCS-2998) 


Polycarbonate 
SmartWand 
Reader 
(with LED) 
HBSW-8205 
Kit with HBSW-8200 General Purpose Wand 


HBSW-800S* 
HBSW-840S* 
Kit with HBSW-8000 Low Resolution Wand 
Kit with HBSW-8400 Low Resolution Wand 


Items 
Ordered 
Separately 
HBSW-8200 
General Purpose SmartWand 
with LED 


HBSW-8000* 
HBSW-8400* 


HBSW-8991 
HBCS-A990 


Low Resolution SmartWand 
with LED 
High Resolution Wand with LED 


Replacement Tip/Case 
Case Replacement Tool 


Metal SmartWand 
Reader 
(without 
LED) 
HBSW-8305 
Kit with HBSW-8300 General Purpose Wand 


HBSW-8105* 
HBSW-8505* 
Kit with HBSW-8100 Low Resolution Wand 
Kit with HBSW-8500 Low Resolution Wand 


Items 
Ordered 
Separately 
HBSW-8300 
General Purpose Metal SmartWand 


HBSW-8100* 
HBSW-8500* 
Low Resolution Metal SmartWand 
High Resolution Metal SmartWand 
• 


.. 
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METAL. LOW RESOLUTION 
HBCS-61oo 


METAL. GENERAL PURPOSE 
RESOLUTION 
HBCS-63oo 


METAL. HIGH RESOLUTION 
HBCS-65oo 


POLYCARBONATE. 
LOW RESOLUTION 
HBCS-AOOO/A100 


POLYCARBONATE. 
GENERAL PURPOSE 
RESOLUTION 
HBCS-A200/A300 


POLYCARBONATE. 
HIGH RESOLUTION 
HBCS-A400/A500 
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Features 


• 
ULTRA LOW CONTINUOUS 
CURRENT 
DRAIN 
- 
Less Than 4 mA Typical 


• 
HIGH AMBIENT 
LIGHT 
REJECTION 
- 
Operates in Direct Sunlight 


• 
AVAILABLE IN THREE RESOLUTIONS 
TO MEET 
A VARIETY OF SCANNING 
NEEDS 


• 
VISIBLE 
RED (655 nm) AND INFRARED 
(820 nm) 


VERSIONS 
FOR READING 
A WIDE RANGE OF 
PRINTING 
TYPES AND COLORS 


• 
SCAN ANGLE 0 TO 45 DEGREES 
TYPICAL 


• 
INDUSTRIAL 
VERSION 
- 
Textured Metal Case 


- 
25 kV ESD Immunity 


• 
COMMERCIAL 
VERSION 


- 
Polycarbonate 
Case 
- 
Switched or Unswitched 


- 
15 kV ESD Isolation 


• 
OPERATING 
TEMPERATURE 
-20°C TO +65°C 


• 
SEALED SAPPHIRE 
TIP 
- 
Provides protection from contamination 
due to 
dirt and debris 


• 
DIGITAL 
OUTPUT 
- 
Open Collector Output Compatible with TTL 
and CMOS 
Logic 


• 
SINGLE 
5 VOLT SUPPLY 


Hewlett-Packard's 
Low Current 
Digital Bar Code Wands are 
hand-held 
scanners 
optimized 
to provide excellent 
reading 


of all common 
bar code 
formats. 
The wands 
contain 
an 


optical 
sensor with a 655 nm visible red or 820 nm infrared 


LED; a photodetector 
IC; and precision 
aspheric optics. The 
internal 
signal 
conditioning 
circuitry 
converts 
the optical 
information 
into a logic 
level pulse width 
representation 
of 
the bars and spaces. All of the wands have a special circuit 
design 
that 
provides 
for extremely 
low current 
drain 
(less 
than 4 mAl 
with 
continuous 
operation. 
This 
makes them 


ideal for use on battery powered systems where low power 
drain will extend 
battery life. These wands also have excel- 


lent ambient 
light rejection, 
allowing 
full operation 
in direct 
sunlight, 
or brightly 
lit indoor environments. 


Available 
in a choice of three reSOlutions, these wands have 


been designed 
to cover a wide range of bar code printing. 


The general 
purpose 
resolutionw 
ands, with their 0.19 mm 
(O.00l5 
in.) spot size, are excellent 
choices 
for reading 
a 


wide 
range 
of 
bar 
code 
symbols 
including 
dot 
matrix 


symbols. 
For reading 
very high density 
symbols, 
the high 
resolution 
wands 
with a 0.13 mm (0.005 in.) spot size, are 


the 
appropriate 
choice. 
For 
poorly 
printed 
low 
density 


symbols, 
the low resolution 
wands 
have a spot size of 0.33 


mm (0.013 in.) to help reject extraneous 
spots and voids. 


All of HP's Low Current 
Digital 
Bar Code Wands are FCC 


and VDE approved. 
They 
feature 
a shield 
for maximizing 


immunity 
to electrostatic 
discharge 
(ESD), electromagnetic 


interference 
(EMI) and ground 
loops. The unswitched 
poly- 
carbonate 
case provides 
15 kV EDS isolation, 
perfect 
for 


portable 
environments 
where static 
discharge 
could 
dam- 


age the operation 
of the host terminal. 
The shield 
is also 


designed 
to 
eliminate 
noise 
from 
capacitively 
coupled 


inputs. 


The standard 
wand configuration 
includes 
a strain relieved 


coiled cord. The standard 
connector 
is a 5 pin, 240 degree 


DIN connector. 
On the metal wands the standard 
connector 


is the same, with the addition of a metal locking 
ring. 


The digital 
bar code wand is a highly 
effective 
alternative 
to 


keyboard 
data entry. Bar code scanning 
is faster and more 


accurate than key entry and provides 
far greater throughput. 


In addition, 
bar code 
scanning 
typically 
has a higher 
first 


read rate and greater 
data accuracy 
than optical 
character 


recognition. 
When compared 
to magnetic 
stripe 
encoding, 
bar code offers significant 
advantages 
in flexibility 
of media, 


symbol 
placement, 
and immunity 
to electromagnetic 
fields. 


Hewlett-Packard's 
Low 
Current 
Digital 
Bar 
Code 
Wands 
are especially 
designed 
for 
battery 
powered 
applications 
where 
low power 
drain 
is a primary 
concern. 
With contin- 


uous current 
draws of less than 4 mA, these wands 
can be 


used on battery 
powered 
systems 
without 
sacrificing 
bat- 


tery 
life or requiring 
special 
"strobing" 
circuits. 
They 
are 


also 
ideal 
for 
AC 
powered 
systems 
where 
conventional 


wand current 
drains 
may require 
an increased 
power 
sup- 


ply design. 
Switched 
wands 
are available 
to further 
reduce 
the power 
consumption. 
The switched 
wand 
may also be 


used to signal 
the host in a portable, 
one microprocessor 


based system. 


In addition 
to their 
low current 
drain, these wands 
are also 


designed 
to work 
in high ambient 
light, such as outdoors 
or 
near 
large 
windows. 
This 
feature 
is extremely 
useful 
in 
applications 
such 
as inventory 
control 
on receiving 
docks, 


automobile 
tracking 
outdoors 
and 
check-out 
stands 
out- 


doors or near large store front windows. 


Because the low resolution 
and the general 
purpose 
resolu- 
tion 
wands 
use an emitter 
wavelength 
of 655 nm, they are 


extremely 
versatile 
in the range of printing 
type and colors 


that they will read, including 
thermal 
printing 
and dot matrix 


printing. 


Available 
in either 
a light 
weight 
polycarbonate 
case or a 


rugged 
metal 
case, these 
wands 
are excellent 
choices 
for 


both 
light 
industrial 
and commercial 
applications, 
or heavy 


industrial 
and LOG MARS applications. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Nominal 
Narrow 
Element 
Width 
HBCS-AOOO/A 100/6100 
0.33 (0.013) 
mm (in.) 


HBCS-A200/A300/6300 
0.19 (0.0075) 
mm (in.) 


H BCS-A400/A500/6500 
0.13 (0.005) 
mm (in.) 


Scan Velocity 
VSCAN 
76 (3) 
127 (50) 
em/see 
(in/see) 
1 


Contrast 
(Edge Contrast) 
EC 
40 
% 
2 


Supply 
Voltage 
Vs 
4.5 
5.5 
Volts 
3 


Temperature 
TA 
-20 
+65 
°C 


Ambient 
Light 
Ev 
100,000 
lux 
4 


Orientation 
(See Figure 2) 


Notes: 
1. Narrow element width = 0.33 (0.013) mm (in.) and wide element width = 0.99 (0.039) mm (in.). 
2. Contrast is defined as Rw-Rs where Rw is the reflectance of the white spaces and Rs is the reflectance of the black bars, measured 
at the emitter wavelength (655 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rs)/Rw orRw-Rs 
= 


PCS·Rw· 
3. Power supply ripple and noise should be less than 100 mV peak to peak. 
4. Ambient light sources can be diffuse tungsten, sodium, mercury, fluorescent, sunlight, or a combination thereof. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Storage 
Temperature 
TS 
-40 
+75 
°C 


Operating 
Temperature 
TA 
-20 
+65 
°C 


Supply 
Voltage 
Vs 
-0.5 
+6.00 
V 


Output 
Transistor 
Power 
PT 
150 
mW 


Output 
Collector 
Voltage 
Vo 
-0.5 
+20 
V 
• 


.. 
". 


The 
HBCS-6XXX/AXXX 
family 
of digital 
bar code 
wands 
consists 
of a precision 
optical 
sensor 
and 
an electronic 
circuit 
that creates 
a digital 
output 
of the bar code pattern. 
The open collector 
transistor 
requires 
only a pull-up 
resis- 
tor to provide 
a TTL compatible 
output 
from 
a single 
4.5 V 
to 5.5 V DC power supply. 


A non-reflecting 
black 
bar results 
in a logic 
high 
(1) level 
output, 
while a reflecting 
white space will cause a logic 
low 
(0) 
level 
output 
(see 
Figure 
1). The 
initial 
state 
will 
be 
indeterminate. 
However, 
if no bar code 
is scanned, 
after a 
short 
period 
(typically 
less than 
1 second), 
the wand 
will 
assume 
a logic 
low state. This feature 
insures 
that the first 
bar will 
not 
be missed 
in a normal 
scan, 
and 
allows 
for 
combining 
several wands 
by simple 
parallel wiring. 


The 
wands 
provide 
a case, 
cable 
and 
connector 
shield 
which 
must be terminated 
to logic ground 
or, preferably, 
to 
both logic ground 
and earth ground. The shield is connected 
to the metal housing 
of the 5 pin DIN connector. 


All standard 
HP Low Current 
Digital 
Bar Code 
wands 
are 
certified 
to meet FCC Class Band 
VDE Level B standards. 


The shield must be properly 
terminated 
in order to maintain 
these 
approvals 
and to keep the cable 
from 
acting 
as an 
antenna, 
injecting 
electrical 
noise 
into 
the 
wand 
circuitry. 
Grounding 
the shield will also provide a substantial 
improve- 


ment in EMI/ESD 
immunity. 


The recommended 
logic interface 
for the wands 
is shown 
in 
Figure 
5. This interconnection 
provides 
the maximum 
ESD 
protection 
for both the wand and the user's electronics. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Notes 


Supply 
Current 
Is 
2.7 
4.0 
mA 
Vs = 50 V 
5, 6 


High Level Output 
Current 
IOH 
1.0 
!,A 
VOH= 2.4 V 


Low Level Output 
Voltage 
VOL 
0.4 
V 
IOL=16mA 


Output 
Rise Time 
tr 
4.5 
20 
!'S 
7 


Output 
Fall Time 
tf 
03 
20 
!'s 
7 


Switch 
Bounce 
- 
HBCS-AOOO/A200/A400 
tSb 
0.5 
5.0 
ms 
8 


ESD Immunity 
- 
All Wands 
ESD 
25 
kV 
9 


ESD Isolation 
- 
HBCS-A100/A300/A500 
ESD 
15 
kV 
10 


ESD Isolation 
- 
HBCS-AOOO/A200/A400 
ESD 
8 
kV 
10 


Wake-Up 
Time 
tw 
50 
200 
ms 
11 


Notes: 
5. Push to read switch (if applicable) is depressed. 


, 6. Not including pull-up resistor current. 


7. 10%tro 90% transistion. 1 kll pull-up resistor. See Figure 1. 
8. Switch bounce causes a series of sub-millisecond pulses to appear at the output (Vo). 
9. Shield must be properly terminated (see Figure 4). The human body is modeled by discharging a 300 pF capacitor through a 500 II 


resistor. No damage to the wand will occur at the specified discharge level. 


10.No substantial discharge will occur at this level. 
11.After this time, the wand is operational. 
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All 
Hewlett-Packard 
Digital 
Bar 
Code 
Wands 
are 
100% 
tested for performance 
and digitizing 
accuracy 
after manu- 


facture. 
This 
insures 
you of the consistent 
quality 
product 


you 
expect 
from 
HP. More 
information 
about 
our 
test 


procedures, 
test 
set-up, and test limits 
are available 
upon 


request. 
Reliability 
data sheet available 
upon request. 


Industrial 
Commercial 


HBCS 
HBCS 
HBCS 
HBCS 
HBCS 
HBCS 
HBCS 
HBCS 
HBCS 
6100 
6300 
6500 
AOOO 
A100 
A200 
A300 
A400 
A500 


Wavelength 
(nm) 
655 
655 
820 
655 
655 
655 
655 
820 
820 


Switch 
X 
X 
X 


Nominal 
Narrow 
(mm) 
0.33 
0.19 
0.13 
0.33 
0.33 
0.19 
0.19 
0.13 
0.13 


Element 
Width 
(inch) 
0.013 
0.0075 
0.005 
0.013 
0.013 
0.0075 
0.0075 
0.005 
0.005 


Case Material 
Polycarbonate 
X 
X 
X 
X 
X 
X 


Metal 
X 
X 
X 


Regular Thermal 
Paper 


X 
X 
X 
X 
X 
X 
(Note 12) 
Will Read Bar 
Dye Based Inks (Note 12) 
X 
X 
X 
X 
X 
X 
Codes Printed 
Using 
Carbon 
Based Inks 
(Notes 12, 13) 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Colors 
(Notes 12, 14) 
X 
X 
X 
X 
X 
X 


Widest 
Range of Bar Code 
X 
X 
X 
Printing 


Best Choice 
For 
Highest 
Density 
Printing 
X 
X 
X 


Low Density 
Poor 


X 
X 
X 
Quality 
Printing 


Notes: 
12. A blind spot may occur while scanning specular bar code labels with the wand at a 0 de9ree lilt angle. 
13. For "black-an-black" 
security bar codes, use infrared (820 nm) wands only. 
14. For color bar codes the background (spaces) should reflect red (655 nm) light, and Ihe bars should absorb red light. • 
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Model 
FCC Identification 


HBCS-6100 
through 
-6199 
FCC 10: B94600 
HEWLETT-PACKARD 


HBCS-6300 
through 
-6399 
FCC 10: B94600 
HEWLETT-PACKARD 


HBCS-6500 
through 
-6599 
FCC 10: B94600 
HEWLETT·PACKARD 


HBCS-AOOO through 
·A099 
FCC 10: B948JAHBCS-AOOO 
HEWLETT-PACKARD 


HBCS-A 100 through 
-A 199 
FCC 10: B948JAHBCS·A100 
HEWLETT·PACKARD 


HBCS-A200 
through 
-A299 
FCC 10: B948JAHBCS-A200 
HEWLETT-PACKARD 


HBCS-A300 
through 
-A399 
FCC 10: B948JAHBCS-A300 
HEWLETT-PACKARD 


HBCS-A400 
through 
·A499 
FCC 10: B948JAHBCS·A400 
HEWLETT· PACKARD 


HBCS-A500 
through 
-A599 
FCC 10: B948JAHBCS-A500 
HEWLETT·PACKARD 


THIS 
DEVICE 
COMPLIES 
WITH 
PART 
15 OF 
THE 
FCC 
RULES. 
OPERATION 
IS SUBJECT 
TO THE 
FOLLOWING 


TWO 
CONDITIONS: 
(1) THIS 
DEVICE 
MAY 
NOT 
CAUSE 
HARMFUL 
INTERFERENCE, 
AND 
(2) THIS 
DEVICE 
MUST 


ACCEPT 
ANY 
INTERFERENCE 
RECEIVED, 
INCLUDING 


INTERFERENCE 
THAT 
MAY 
CAUSE 
UNDESIRED 
OPERATION. 


Hewlett-Packard 
products 
have received 
FCC certification 
for its standard 
configuration 
only. 
Any customer 
purchas- 


ing 
the 
product 
with 
stripped 
and 
tinned 
leads 
or a con- 
nector 
without 
adequate 
shielding 
has the responsibility 
to 
comply 
with 
FCC 
regulations. 
Moreover, 
if the 
Hewlett- 
Packard 
Low 
Current 
Digital 
Bar 
Code 
Wands 
are 
pur- 
chased 
without 
a connector, 
the product 
becomes 
defined 


as a subassembly 
and 
the 
FCC 
Identification 
number 
no 


longer 
applies. 
Hewlett-Packard 
assumes 
no responsibility 


or liability 
for 
users 
of the 
Hewlett-Packard 
Low 
Current 


Digital 
Bar 
Code 
Wands 
without 
connectors 
that 
fail 
to 


comply 
with 
FCC regulations. 
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Note: 
15. Dimensions are in millimeters and (inches). 


PIN 
Wire Color 
Function 


1 
Red 
Vs Power 
Supply 
2 
White 
Vo Output 
3 
Black 
Ground 
4 
N/A 
No Connect 
5 
N/A 
No Connect 
Case 
- 
Shield 
(Must 
be connected) 
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ELECTROSTATIC 
DISCHARGe- 
SYSTEM 
INTERFACE 


SUPPRESSION 
INTERFACE 


Figure 4. Recommended Logic Interface for a Iixed station host 


system. (When earth ground is not available, connect 
shield to logic ground, as shown by dotted line.) For 


portable 
devices, 
a larger 
valve 
pull·up 
resistor 


should be used to conserve power. 


The wands 
include 
a standard 
5 pin, 2400 
DIN connector, 
locking 
and non-locking 
for the HBCS-6000 
series and the 
HBCS-AOOO series, 
respectively. 
The 
detailed 
specifica- 


tions 
and pin-outs 
are shown 
in Figure 3. Mating 
connec- 
tors are available 
from RYE Industries 
and SWITCHCRAFT 


in both 5 pin and 6 pin configurations. 
These connections 
are listed below. 


Connector 
Configuration 


RYE MAB-5' 
5 pin 


SWITCHCRAFT 
61GA5F' 
5 Pin 


SWITCH CRAFT 
61HA5F 
5 Pin 


RYE MAB-6' 
6 Pin 


SWITCH CRAFT 61 HA5F 
6 Pin 


There 
are no user serviceable 
parts inside the wand. 
The 
tip 
of 
the 
6000 
series 
wands 
is designed 
to 
be easily 
replaceable, 
and if damaged, 
should 
be replaced. 
The part 


number 
for the replacement 
tip is HBCS-4999. 


Like the 6000 series, the HBCS-AOOO family 
series' case is 
designed 
for 
OEM 
replacement 
should 
damage 
occur 
to 
the tip 
or the case. A special 
tool 
has been designed 
to 
facilitate 
case 
removal 
(HBCS-A990). 
The 
case 
can 
be 


replaced 
with 
either 
the HBCS-A991 
or HBCS-A992 
case 
replacement 
kit 
for 
the 
unswitched 
or 
switched 
wand, 
respectively. 


Before 
replacing 
the tip or the case, disconnect 
the wand 
from 
the system 
power 
source. 
The 
6000 series 
tip, 
the 
AOOOseries' 
replacement 
case and disassembly 
tool 
can 


be ordered 
from 
any 
Hewlett-Packard 
authorized 
distrib- 


utor. 


Hewlett-Packard 
Low Current 
Digital 
Bar Code Wands are 


warranteed 
for a period 
of one year after purchase 
cover- 
ing defects 
in material 
and workmanship. 
Hewlett-Packard 
will 
repair, or at its option, 
replace 
products 
that prove to 
be defective 
in material 
or workmanship 
under proper 
use 
during 
the warranty 
period. 


NO OTHER WARRANTIES 
ARE EXPRESSED OR IMPLIED, 
INCLUDING 
BUT NOT LIMITED 
TO THE IMPLIED 
WAR- 
RANTIES 
OF MERCHANTABILITY 
AND 
FITNESS 
FOR A 


PARTICULAR 
PURPOSE. 
HEWLETT-PACKARD 
IS NOT 


LIABLE 
FOR CONSEQUENTIAL 
DAMAGES. 


For additional 
Warranty 
or service 
information 
please con- 


tact 
your 
local 
Hewlett-Packard 
sales 
representative 
or 


authorized 
distributor. 


HBCS-6XXX 
See "Selection 
and Application 
Guide" 


for part number 
determination. 


HBCS-AXXX 
See "Selection 
and Application 
Guide" 


for part number 
determination. 


Opt-A01 
Individually 
boxed wand with data 
sheet. 


HBCS-4999 
Replacement 
tip for the HBCS-6000 
series wand family. 


HBCS-A990 
Disassembly 
tool for the HBCS-AXXX 
series wand family. 


HBCS-A991 
Replacement 
case kit for the 


HBCS-A100/A300/A500 
wands. 


HBCS-A992 
Replacement 
case kit for the 


HBCS-AOOO/A200/A400 
wands. 


For options 
such 
as special 
cords, 
connections 
or labels, 
contact 
your nearest Hewlett-Packard 
sales office or auth- 
orized representative. 
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Features 


• 
MULTI-RESOLUTION 
- 
Compatible with Virtually All Bar Code 
Resolutions 


• 
LARGE SLOT WIDTH 
- 
Allows Reading Multiple Laminated Cards 


• 
SEALED METAL CASE (IP 66/67) 
- 
Can Be Installed Outdoors or in Wet 
Environments 


• 
TAMPER PROOF DESIGN 
- 
Ideal for Security Applications 


• 
MINIMAL 
FIRST BAR DISTORTION 


- 
Compatible with Most Decoding Software 


• 
AVAILABLE IN EITHER VISIBLE 660 nm OR 
INFRARED 
880 nm VERSIONS 


• 
WIDE OPERATING 
TEMPERATURE 
RANGE 
- 
-40 to 70° C (HBCS-7100) 


- 
-20 to 55° C (HBCS-7000) 


• 
WIDE SCAN SPEED RANGE 


• 
BLACK TEXTURED 
EPOXY FINISH 


• 
DIGITAL 
OUTPUT 


- 
Open Collector Output Compatible with TTL 
and CMOS 
Logic 


• 
SINGLE 
5 VOLT SUPPLY 


Hewlett-Packard's 
Industrial 
Digital 
Slot 
Readers 
are de- 
signed 
to 
provide 
excellent 
scanning 
performance 
on a 
wide variety of bar coded cards and badges. They contain 
a unique 
optical/electrical 
system 
that 
integrates 
over a 
large 
area of the 
bar/space 
pattern, 
providing 
a greatly 
improved 
first read rate even on poorly 
printed 
bar codes. 


The HBCS-7000 
has a visible 
red (660 nm) optical 
system 


with a resolution 
of 0.19 mm (0.0075 in.). The HBCS-7100 


model 
has an infrared 
(880 nm) 
optical 
system 
with 
a 
resolution 
of 0.19 mm (0.0075 in.). 


The extra large depth of field allows 
these slot readers to 
have a slot 
width 
of 3.2 mm 
(0.125 in.), thus 
making 
it 
possible to read even multiple 
laminated cards and badges. 


When used as a stand alone optics 
module, 
the maximum 
depth of field is dependent 
on resolution. 


The optics 
and electronics 
are housed 
in a rugged 
metal 


case. The 
cases 
are fUlly 
gasketed 
and sealed, 
making 
them suitable 
for use in outdoor 
or wet environments. 
The 
black epoxy coating 
adds a durable, 
finished 
look to these 
Digital 
Slot Readers. When installed 
using the rear screw 


INDUSTRIAL 
DIGITAL BAR CODE 
SLOT READERS 


HBCS-7000 
HBCS-70S0 
HBCS-7100 
HBCS-71SO 


holes, the units become tamper-proof, 
making them excel- 


lent choices for security 
access control. 


The optical 
system 
is centered 
in the slot track, 
allowing 
the user to easily scan from either direction. 
The wide slot 
width 
makes 
it easy to 
insert 
and slide 
the 
cards. 
The 
optical 
system 
is covered 
with 
a recessed 
window 
to 
prevent contamination 
and reduce the wear on the cards. 


The standard 
slot reader comes with the optical/electrical 
asembly 
mounted 
on a base plate with an opposite 
rail. A 
122 cm 
(48 in.) straight 
cord 
and 
a 5 pin, 
240 degree, 


locking 
DIN connector 
are also standard. 


The optical/electrical 
system is also available as a separate 
unit which can be integrated 
into other equipment 
or used 
as a stand alone sensor assembly. 


The digital bar code slot reader is a highly effective alterna- 
tive to keyboard 
data entry. 
Bar code 
scanning 
is faster 
and more accurate 
than key entry and provides 
far greater 


throughput. 
In addition, 
bar code scanning 
typically 
has a 


higher 
first 
read 
rate 
and 
greater 
data 
accuracy 
than 
optical character 
recognition. 
When compared 
to magnetic 
stripe encoding, 
bar code offers significant 
advantages 
in 
flexibility 
of media, 
symbol 
placement 
and 
immunity 
to 
electromagnetic 
fields. 


Hewlett-Packard's 
Industrial 
Digital 
Slot 
Readers 
are de- 


signed 
for 
applications 
where 
high 
first 
read 
rate 
and 
durability 
are important 
factors. 
The epoxy 
coated 
metal 
case, with its tamper-proof 
mounting 
system, makes these 
slot readers ideal choices 
for security 
access control, 
time 
and attendance 
recording 
and other bar coded badge and 
card reading applications. 


• 
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Parameter 
Symbol 
Min. 
Max. 
Units 


Nominal 
Narrow 
Element Width 


H BCS-7000/7050 
0.19 (0.0075) 
mm (in.) 


HBCS-7100/7150 
0.19 (0.0075) 
mm (in.) 


Scan Velocityll] 
VSCAN 
20 (8) 
317 (125) 
cm/sec 
(in. sec/) 


Contrastl2] 
RW-RB 
45 
% 


Supply 
Voltage(3) 
Vs 
4.5 
5.5 
Volts 


Temperature[4] 


H BCS-7000/7050 
TA 
-20 
+55 
°C 


HBCS-7100/7150 
TA 
-40 
+70 
°C 


Ambient 
Lightl5] 
Ev 
100,000 
lux 


Notes: 
1. Measured scanning a symbol with 0.19 mm (0.0075 in.) narrow elements. For larger narrow element widths, the maximum scan 
velocity will increase proportionately. 


2. Contrast is defined as Rw-RB where Rw is the reflectance of the white spaces and RB is the reflectance of the black bars, measured 


at the emitter wavelength (660 nm or 880 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-RB)/Rw or Rw-RB = 
PCS x Rw. 


3. Power supply ripple and noise should be less than 100 mV peak to peak. 
4. Non-condensing. 
If there is frost or dew covering over the optics window, it should be removed for optimal scanning periormance. 


5. Direct sunlight at any illumination angle. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Storage 
Temperature 
Ts 
-40 
+80 
°C 


Supply 
Voltage 
Vs 
-0.3 
+7.0 
Volts 


Output 
Transistor 
Power 
PT 
200 
mW 


Output 
Collector 
Voltage 
Va 
-03 
+20 
Volts 


WARNING: 
OBSERVING 
THE 
INFRARED 
LIGHT 
SOURCE 
IN 
THE 
HBCS-7150 
AT 
CLOSE 
DISTANCES 
FOR 
PROLONGED 


PERIODS 
OF TIME 
MAY CAUSE 
INJURY 
TO THE EYE. When 
mounted 
with the rail in place, the infrared 
output 
flux 
is 


radiologically 
safe. With 
the rail removed, 
precautions 
should 
be taken 
to avoid 
exceeding 
the limits 
recommended 
in 
ANSI Z136.1-1981. 


The HBCS-7XXX 
family 
of digital 
slot readers consists 
of a 


precision 
optical 
system, 
an analog 
amplifier, 
a digitizing 
circuil, 
and an output 
transistor. 
These elements 
provide 
a 


TTL 
compatible 
output 
from 
a single 
4.5 V to 5.5 V DC 
power 
supply. 
The 
open 
collector 
transistor 
requires 
a 
pull-up 
resistor 
for proper operation. 


A non-reflecting 
black 
bar results 
in a logic 
high 
(1) level 


output, 
while 
a reflecting 
white 
space 
will 
cause 
a logic 


low (0) level output. 
After 
power-up, 
the slot reader will be 


fUlly operational 
after a period of approximately 
6 seconds. 


During 
operation, 
the slot 
reader 
will assume 
a logic 
low 
state 
after 
a short 
period 
(typically 
1 second) 
if no bar 
code 
is scanned. 
This 
feature 
allows 
multiple 
scanners 
(both slot readers and Hewlett-Packard 
sapphire 
tip wands) 


to be connected 
together 
with a simple 
OR gate. 


The slot reader 
connector 
provides 
a shield 
which 
should 


be terminated 
to logic 
ground 
or, preferably, 
to both 
logic 


ground 
and earth 
ground. 
The shield 
is connected 
to the 


metal 
housing 
of 
the 
5 
pin 
DIN 
connector, 
the 
metal 


housing 
of the slot reader, and logic ground 
inside the slot 


reader. 


The 
recommended 
logic 
interface 
for 
the 
slot 
reader 
is 
shown 
in Figure 
1. This 
interface 
provides 
ESD protection 


for both the slot reader and the user's electronics. 


The 
maximum 
recommended 
cable 
length 
for 
the 
slot 
reader's output 
is 25 feet. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply 
Current 


HBCS-7000/7050 
Is 
50 
100 
mA 
Vs=5.0V 


HBCS-71 00/7150 
Is 
65 
100 
mA 
Vs = 5.0 V 


High Level Output 
Current 
IOH 
1.0 
I"A 
VOH = 2.4 V 


Low Level Output 
Voltage 
VOL 
004 
V 
IOL = 16 mA 


Output 
Rise Time 
tr 
0.9 
5.0 
I"S 
10%-90% 
Transition 


Output 
Fall Time 
tf 
0.07 
5.0 
I"S 
RL=lK!1 


Electrostatic 
Discharge 
Immunityl6j 
ESD 
25 
kV 


Notes: 
6. Shield must be properly terminated (see Figure 1). The human body is modeled by discharging a 300 pF capacitor through a 500 n 
resistor. No damage to the slot reader will occur at the specified discharge level. 


The 
slot 
readers 
include 
a standard 
5 pin, 
2400, 
metal, 


locking 
DIN connector. 
The recommended 
logic 
interface 


is shown 
in Figure 
1. The 
mechanical 
specifications 
and 


wiring 
are 
shown 
in 
Figure 
2. 
Mating 
connectors 
are 
available 
from 
SWITCHCRAFT 
in both 
5 pin 
and 6 pin 


configurations. 
These connectors 
are listed on the right. 


Connector 
Configuration 


SWITCHCRAFT 
61HA5F 
5 Pin 


SWITCH CRAFT 
13EL5F 
5 Pin 


SWITCH CRAFT 61HA6F 
6 Pin 


TRANZOAB 
IS A REGISTERED 
TRADEMARK 
OF GENERAL 


SEMICONDUCTOR 
INOUSTRIES. 


TEMPE 
AZ 
,..---------, 
I 
I 
I 
v,llI 
I 


I 
I 
IIII 
I 
I 
I 
I 
SHIELO 
I 
L... 
.•••• 


ELECTROSTATIC 
DISCHARGE 
SUPPRESSION 
INTERFACE 


WIRE 
COLOR 


RED 


WHITE 


BLACK 


N!A 


N!A 


FUNCTION 


Vs SUPPLY 
VOLTAGE 


Vo OUTPUT 


GROUND 


N!C 


N!C 


SHIELD 
(MUST 
BE 


CONNECTED) • 


.. 
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Mounting Considerations 


Slot Reader 


The slot reader (HBCS-700017100) is designed 
to be virtu- 


ally 
tamper-proof 
when 
mounted 
using 
the 
two 
rear 


mounting 
holes. 
In this 
case, the cable 
must 
be routed 
from 
the 
rear 
of the 
slot 
reader 
through 
the 
mounting 
surface 
(wall, door, etc.). For applications 
where a tamper- 
proof 
installation 
is less of a concern, 
an optional 
mount- 
ing bracket 
(HBCS-7999) 
allows for more convenient 
sur- 
face mounting. 


When 
mounting 
the slot 
reader, the cable may either 
be 


routed 
through 
the 
mounting 
surface 
(see above), 
or it 
may be routed along grooves 
in the base and exit the side 


of the slot 
reader at anyone 
of four 
points. 
This 
allows 


flexibility 
in the mounting 
orientation. 


Optics/Electronics 
Module 


The 
optics/electronics 
module 
(HBCS-705017150) 
is de- 
signed for applications 
which 
require a different 
slot width, 


integration 
into a larger housing, 
or a fixed-beam 
station- 
ary scanner. 
When 
using 
the optics/electronics 
module, 
the operating 
distance from the front surface of the module 
to the symbol 
will vary depending 
on the symbol 
resolu- 
tion. 
Figure 
3 shows 
the relationship 
between 
operating 
range and minimum 
symbol 
resolution 
for a typical 
optics/ 


electronics 
module. 
This 
relationship 
was applied 
in the 
design 
of the slot 
reader, where 
a slot 
width 
of 3.2 mm 


(0.125 in.) insures excellent 
performance 
reading 
bar code 
symbols 
which 
have 
a nominal 
resolution 
of 
0.19 mm 


(0.0075 in.) and include 
printing 
errors. 


When mounting 
the optics/electronics 
module 
it is impor- 


tant that the screws 
be tightened 
with 
a minimum 
static 


torque 
of 2.5 Nm 
(22 in.-Ibs.). 
This 
will 
insure 
that 
the 


sealing gasket is compressed 
sufficiently 
to provide proper 
sealing. 


Rail 


The rail (HBCS-7998) 
is designed 
for use with the optics/ 


electronics 
module 
in applications 
which 
require 
a differ- 
ent slot width. 
It may also be used in applications 
where it 
is preferable 
to mount 
the optics/electronics 
module 
and 
rail flush to the mounting 
surface instead of using the base 


provided 
with the slot reader. 


Mounting Bracket 


The mounting 
bracket (HBCS-7999) 
is designed to provide 
a convenient 
way 
of 
mounting 
the 
slot 
reader, 
optics/ 


electronics 
module, and/or 
rail to a flat surface. 


The center 
of the slot 
reader's 
optical 
system 
is located 
12.7 mm 
(0.50 in.) from 
the bottom 
of the slot. 
Conse- 
quently, 
bar code 
symbols 
to be read by the slot reader 
must 
be positioned 
on the card(s) 
or document(s) 
at a 
height 
which 
insures that all bars and spaces will cross a 
line located 12.7 mm (0.50 in.) from the bottom edge of the 
card(s) 
or document(s). 
For optimal 
performance, 
all bars 


GUARANTEED 
OPERATING 


REGION 


0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 


10.0021 
10.0041 
10.0061 
10.0031 
10.0101 
10.0121 
10.0141 


MINIMUM 
SYMBOL 
RESOLUTION 
- 
mm (inches) 


and spaces should 
cross the area between 
1.14 mm (0.45 


in.) and 1.40 mm (0.55 in.) from 
the bottom 
edge of the 


card(s) or document(s). 


The bars should 
be perpendicular 
to the bottom 
edge of 


the card(s) or document(s), 
however, a skew of ±4 degrees 


from the perpendicular 
is acceptable. 


The slot 
reader and optics/electronics 
module 
include 
a 


window 
which 
is slightly 
recessed 
in order 
to 
prevent 


direct 
contact 
with 
the 
bar code 
symbol. 
This 
reduces 


wear 
on both 
the window 
and the symbol. 
The window 


may, however, 
become 
dirty 
over a period 
of time. 
If this 
occurs, clean the window 
with a commercial 
glass cleaner. 


All 
Hewlett-Packard 
Digital 
Bar 
Code 
Slot 
Readers 
are 


100% tested for performance 
and digitizing 
accuracy 
after 


manufacture. 
This 
insures 
a consistent 
quality 
product. 


More information 
about Hewlett-Packard's 
test procedures, 


test set-up, and test limits are available upon request. 


For options 
such as special cables or connectors, 
contact 
your 
nearest 
Hewlett-Packard 
sales office 
or authorized 


representative. 


1.65 (0.65) 
0.89 (0.35) 


2.79 (1.10) 
.~ 


2.03 (0.80) 
~ 


1.90 (0.75) 
5.21 
--P,2.051 
CABLE 
EXITS 


121 


F:~ 


12.70'~{- 


lf175 


(0.69) 


f 
2.79 (1.10)I 


M5 X 0.80 


TAPPED 
HOLE 
121 


O 
D 


2.03tO.801 
n32 
. 
.---.i. 


TAPP~~HOLE~ 
=f:;r~~~l 
~:=O~I=f91 
0.53(0.21) 


~12.70(5.00) 
• 


0.50 (0.196) 
DIA. 
THRU 


CSK 42° X 0.99 (0.39) 
DIA. 
(2 PLCS) 


2.16 (0.85) 
DIA. 
THRU 


NOTES: 
1. MOUNTING 
HOLES 
ON HBCS·7000/7100 
ARE 
SUITABLE 
FOR EITHER 
#10·32 
OR 
M5·0.80 
SCREWS. 
2. MOUNTING 
HOLES 
ON HBCS·705017150 
ARE 
FOR #8-32 
SCREWS. 


3. MOUNTING 
HOLES 
ON HBCS·7998 
ARE 
FOR -=8·32 SCREWS. 
4. THICKNESS 
OF THE 
HBCS-7999 
MOUNTING 
BRACKET 
IS 3.2 mm (0.125 
in.) 
5. HBCS·7000/7100 
SLOT 
READERS, 
HBCS-7050/7150 
MODULES, 
AND 
HBCS·7998 
RAilS 
HAVE 
A BLACK 
TEXTURED 
EPOXY 
FINISH. 
HBCS·7999 
MOUNTING 
BRACKETS 
HAVE 
AN ElECTROLESS 
NICKel 
FINISH. 


6. ALL 
DIMENSIONS 
ARE 
NOMINAL 
AND 
ARE STATED 
IN MllLlMETRES 
AND 
(INCHES). 
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Part Number 
Description 


HBCS-7000 
Slot Reader with 660 nm visible red light source and 0.19mm (0.0075 in.) nominal 
resolution. 


HBCS-7100 
Slot Reader with 880 nm infrared light source and 0.19mm (0.0075 in.) nominal 
resolution. 


HBCS-7050 
Optics/Electronics 
Module with 660 nm visible red light source and 0.19mm (0.0075 in.) 


nominal resolution. 


HBCS-7150 
Optics/Electronics 
Module with 880 nm infrared light source and 0.19mm (0.0075 in.) 


nominal resolution. 


HBCS-7998 
Rail for use with the HBCS-7050/7150 (optional) 


HBCS-7999 
Mounting Bracket (optional) 


warranty 
and Service 
HP Bar Code Slot Reader is warranted for a period of one year 
after purchase covering defects in material and workmanship. 
Hewlett-Packard will repair or, at ~s option, replace products 
that prove to be defective in material or workmanship under 
proper use during the warranty period. 


NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, 
INCLUDING 
BUT 
NOT 
LIMITED 
TO 
THE 
IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR 
A PARTICULAR PURPOSE. HEWLETT-PACKARD IS NOT 
LIABLE FOR CONSEQUENTIAL DAMAGES. 


For add~ional warranty or service information please contact 
your local Hewlett-Packard sales representative or authorized 
distributor. 


rliO- HEWLETT 
~~ 
PACKARD 
HIGH RESOLUTION 
OPTICAL 
REFLECTIVE 
SENSOR 


Features 


• 
FOCUSED 
EMITTER 
AND DETECTOR 


IN A SINGLE PACKAGE 


• 
HIGH RESOLUTION 
- 
.190mm SPOT SIZE 


• 700nm VISIBLE EMITTER 


• 
LENS FILTERED TO REJECT AMBIENT 
LIGHT 


• TO-5 MINIATURE 
SEALED PACKAGE 


• 
PHOTODIODE 
AND TRANSISTOR 
OUTPUT 


• 
SOLID STATE RELIABILITY 


The HBCS-ll00 
is a fully 
integrated 
module 
designed 
for 


optical 
reflective 
sensing. 
The module contains 
a .178mm 


(.007 
in.) 
diameter 
700nm 
visible 
LED 
emitter 
and 
a 
matched 
I.C. photodetector. 
A bifurcated 
aspheric 
lens is 
used 
to 
image 
the 
active 
areas 
of the emitter 
and 
the 
detector 
to a single 
spot 4.27mm (0.168 in.) in front of the 
package. 
The reflected 
signal can be sensed directly 
from 


the photodiode 
or through 
an internal 
transistor 
that can 


be configured 
as a high gain amplifier. 


Applications 
include 
pattern 
recognition 
and verification, 


object 
sizing, 
optical 
limit 
switching, 
tachometry, 
textile 


thread 
counting 
and 
defect 
detection, 
dimensional 


monitoring, 
line locating, 
mark, 
and bar code scanning, 


and paper edge detection. 


~AXIMUMSIG:AL~O;N~+~ =t 
! 
~ 
1 


4." 


5.08 
REFERENCE 
PLANE 
(0.162) 
(0.200) 
I 
~- 


4.27 
t 
0.25 


(0.168).t. 
(0.010) 


The HBCS-ll00 
is packaged 
in a high 
profile 
8 pin TO-5 
metal 
can 
with 
a 
glass 
window. 
The 
emitter 
and 
photodetector 
chips 
are mounted 
on the 
header 
at the 


base 
of 
the 
package. 
Positioned 
above 
these 
active 


elements 
is a bifurcated 
aspheric 
acrylic 
lens that focuses 
them to the same point. 


The 
sensor 
can 
be 
rigidly 
secured 
by 
commercially 


available 
two 
piece 
TO-5 
style 
heat 
sinks, 
such 
as 


Thermalloy 
2205, 
or 
Aavid 
Engineering 
3215. 
These 


fixtures 
provide 
a stable 
reference 
platform 
and 
their 


tapped 
mounting 
holes 
allow 
for 
ease 
of affixing 
this 


assembly 
to the circuit 
board. 


9.40(0.3701 b:1 
8.51 
(0.335) 
- 


0.86 (0,034) 
0.7310'029IL~ 


~ 
10.0451..!] 


0.73 (0.029) 
,....- 


5.08 


(C.200) 


NOTES; 
1. All 
DIMENSIONS 
IN MILLIMETERS 
AND (INCHES). 


2. ALL 
UNTOLERANCEO 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY. 
3. THE 
REFERENCE 
PLANE 
IS THE TOP SURFACE 
OF THE PACKAGE. 


4. NICKEL CAN AND GOLD PLATED 
lEADS. 


5. S,P. SEATING 
PLANE. 
6. THE 
LEAD 
DIAMETER 
IS O.45mm (D.01ain.) 
TYP. 


I 
.. 
... 


The detector 
section 
of the sensor 
can be connected 
as a 


single 
photodiode, 
or as a photodiode 
transistor 
amplifier. 
When 
photodiode 
operation 
is desired. 
it is recommended 


that 
the substrate 
diodes 
be defeated 
by connecting 
the 
collector 
of the transistor 
to the positive 
potential 
of the 
power 
supply 
and 
shorting 
the 
base-emitter 
junction 
of 


the 
transistor. 
Figure 
15 
shows 
photocurrent 
being 


supplied 
from 
the anode 
of the photodiode 
to an inverting 
input 
of 
the 
operational 
amplifier. 
The 
circuit 
is 


recommended 
to improve 
the 
reflected 
photocurrent 
to 
stray 
photocurrent 
ratio 
by keeping 
the substrate 
diodes 


from 
acting 
as photodiodes. 


REFLECTOR 


REFERENCE 
I \. 
t 


PLANE:'" 
!!...- 
V\ 
I 
r 
i 
, 
I 
.:~ 


CAT~ 
~ 


SUBSTRATE,CASE 


--l 
I 


~s 


I 
I 
---' 


The 
cathode 
of 
the 
700nm 
emitter 
is 
physically 
and 


electrically 
connected 
to the case-substrate 
of the device. 


Applications 
that 
require 
modulation 
or switching 
of the 


LED should 
be designed 
to have the cathode 
connected 
to 


the electrical 
ground 
of the system. 
This insures 
minimum 


capacitive 
coupling 
of the 
switching 
transients 
through 


the substrate 
diodes 
to the detector 
amplifier 
section. 


The HBCS-1100 
detector 
also includes 
an NPN transistor 


which 
can 
be used to increase 
the output 
current 
of the 


sensor. 
A current 
feedback 
amplifier 
as shown 
in Figure 
6 


provides 
moderate 
current 
gain 
and bias point 
stability. 


PIN 
FUNCTION 


1 
TRANSISTOR 
COLLECTOR 


2 
TRANSISTOR 
BASE, PHQTODIODE 
ANODE 


3 
PHQrODlODE 
CATHODE 
• 
LED CATHODE, 
SUBSTRATE. 
CASE 


5 
NC 


6 
LED ANODE 
1 
NC 
8 
TRANSISTOR 
EMITTER 


Parameter 
Symbol 
Min. 
Max. 
Units 
Fig. 
Notes 


Storage Temperature 
Ts 
-40 
+75 
°C 


Operating Temperature 
TA 
-20 
+70 
°C 


Lead Soldering Temperature 
260 
°C 
11 


1.6mm from Sealing Plane 
for 10 sec. 


Average LED Forward Current 
IF 
50 
mA 
2 


Peak LED Forward Current 
IFPK 
75 
mA 
1 
1 


Reverse LED Input Voltage 
VA 
5 
V 


Package Power Dissipation 
Pp 
120 
mW 
3 


Collector 
Output Current 
10 
8 
mA 


Supply and Output Voltage 
VO,VC,VE 
-0.5 
20 
V 
10 


Transistor 
Base Current 
Is 
5 
mA 


Transistor 
Emitter Base Voltage 
VES 
.5 
V 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's 
susceptibility 
to damage 


from electrostatic 
discharge (ESD). It is advised that normal static precautions 
be taken in handling and assembly of this component to 


prevent damage and/or degradation 
which may be introduced 
by ESD. 


system Electrical/optical Characteristics at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Note 


575 
TA=-20°C 


Total Photocurrent 
(IPR+lps) 
Ip 
150 
250 
375 
nA 
TA=25°C 
IF=35mA, Vo=Vc=5V 
2,3 
4 


80 
TA=70°C 
15 


Reflected Photocurrent 
(IPR) to 
~ 
Internal Stray Photocurrent 
(Ips) 
Ips 
4 
8.5 
IF=35mA, Vc=Vo=5V 
3 


Transistor 
DC Static Current 
hFE 
50 
TA=-20°C 
VCE=5V.lc=10/,A 
Transfer Ratio 
100 
200 
TA=25°C 
4,5 


Slew Rate 
.08 
V//,s 
Rl=100K 
IpK=50mA 
6 
RF= 10M 
tON=100/,s, Rate = 1kHz 


Image Diameter 
d 
.17 
mm 
IF=35mA.Q= 4.27mm (0.168in.) 
8,10 
8,9 


Maximum Signal Point 
Q 
4.01 
4.27 
4.52 
mm 
Measured from Reference Plane 
9 


50% Modulation 
Transfer 
Function 
MTF 
2.5 
Inpr/mn IF=35mA, Q =4.27mm 
10,11 
5,7 


Depth of Focus 
.(\Q 
FWHM 
1.2 
mm 
50% of Ip atQ=4.27mm 
9 
5 


Effective Numerical Aperature 
N.A. 
.3 


Image Location 
D 
.51 
mm 
Diameter Reference to Centerline 
6 
Q=4.27mm 


Thermal Resistance 
@JC 
85 
°C/W 


Detector Electrical/Optical Characteristics at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Note 


Dark Current 
Ipo 
5 
200 
pA 
TA=25°C I 
IF=O.Vo=5V; 
10 
nA 
TA-70°C I 
Reflection=O% 


Capacitance 
Co 
45 
pF 
Vo=OV. Ip=O, f=1MHz 


Flux Responsivity 
Rei> 
.22 
A 
X=700nm, Vo=5V 
12 
'iT 


Detector Area 
Ao 
.160 
mm2 Square, with Length=.4mm/Side 


Emitter 
Electrical/Optical Characteristics at TA=25°C 
• 


~~ 
... 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Note 


Forward Voltage 
VF 
1.6 
1.8 
V 
IF=35mA 
13 


Reverse Breakdown Voltage 
BVR 
5 
V 
IR=100/,A 


Radiant Flux 
el>E 
5 
9.0 
/,W 
IF=35mA, X=700nm 
14 


Peak Wavelength 
Xp 
680 
700 
720 
nm 
IF=35mA 
14 


Thermal Resistance 
@JC 
150 
°C/W 


Temperature Coefficient 
of VF 
.(\VF/.(\T 
-1.2 
mV/oC 
IF=35mA 


Transistor Electrical Characteristics 
at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Note 


Collector-Emitter 
Leakage 
ICEO 
1 
nA 
VCE=5V 


Base-Emitter Voltage 
VBE 
.6 
V 
Ic=10/,A, IB=70nA 


Collector-Emitter 
Saturation 
Voltage 
VCE(SAT) 
.4 
V 
IB=1/,A, IE=10/,A 


Collector-Base 
Capacitance 
CCB 
.3 
pF 
f=1 MHz, VCB=5V 


Base-Emitter Capacitance 
CBE 
.4 
pF 
f=1 MHz, VBE=OV 


Thermal Resistance 
0JC 
200 
°C/W 


NOTES: 
1. 300/,s pulse width, 1 kHz pulse rate. 
2. Derate Maximum Average Current linearly from 65°C by 6mArC. 
3. Without heat sinking from TA = 65°C, derate Maximum Average Power linearly by 12mWrC. 
4. Measured from a reflector coated with a 99%reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) from the reference plane. 
5. Peak-to-Peak response to black and white bar patterns. 
6. Center of maximum signal point image lies within a circle of diameter 0 relative to the center line of the package. A second emitter 


image (through the detector lens) is also visible. This image does not affect normal operation. 


7. This measurement is made with the lens cusp parallel to. the black-white transition. 
8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge. 
9. (+) indicates an increase in the distance from the reflector to the reference plane. 
10. All voltages referenced to Pin 4. 
11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical 


preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum 
ratings and can cause it to defocus. 
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Warranty and Service 


HP Optical 
Reflective 
Sensor 
is warranted 
for a period of one 


year after purchase covering defects in material and workmanship. 
Hewlett-Packard 
will repair or, atits option, replace products that 
prove to be defective 
in material or workmanship 
under proper 


use during the warranty 
period. 


NO OTHER 
WARRANTIES 
ARE EXPRESSED 
OR IMPLIED, 
INCLUDING 
BUT 
NOT 
LIMITED 
TO 
THE 
IMPLIED 
WAR- 
RANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FOR 
A 
PARTICULAR 
PURPOSE. 
HEWLETT-PACKARD 
IS NOT 
LIABLE 
FOR CONSEQUENTIAL 
DAMAGES. 


For additional 
warranty 
or service 
information 
please 
contact 
your local Hewlett-Packard 
sales representative 
or authorized 
distributor. 


HEWLETT 
PACKARD 
(h~ 
-~--- 
Optical Reflective Sensors 


Features 
• Focused 
Emitter 
and 
Detector 
in a Single 
Package 
• T05 Package 
• Binning 
of Sensors 
by 
Photocurrent 
(lpr) 


Applications 
• Bar Code Scanning 
• Pattern 
Recognition 
and 
Verification 
• Object Sizing 
• Optical 
Limit Switching 
• Optical/Surface 
Inspection 
• Tachometry 
• EdgelLine 
Sensing 
• Dimensional 
Monitoring 
! 
(0.200) 


MAXIMUM 
SIGNAL 
POINT - M]SP 
"'s~"~l 
'1.- 
----- 
-- 


4.27±0.25 
I 


Z ----, 
(0.168) ± (0.010) 


Description 
Both the HEDS-1200 and 
HEDS-1300 sensor are fully 
integrated modules designed for 
applications requiring optical 
reflective sensing. The modules 
contain an LED emitter (at the 
appropriate wavelengths) and a 
matched I.C. photodetector. A 
bifurcated aspheric lens is used 
to image the active areas of the 
emitter and the detector to a 
single spot that defines the reso- 
lution of the sensor. The output 
signal is a current generated by 
the photodiode. 
Selection Guide 


HEDS·1200High 
Resolution Infrared 
Sensor 
HEDS·1300Precision 
Resolution Sensor 


Sensor 
Part Number 
HEDS·1200 
HEDS·1300 


Resolution 
0.13 mm (0.005 in.) 
0.19 mm (0.0075 in.) 


LED Wavelength 
820nm 
700nm 


9.40 (0.370) 
S.P. 
A.P. 


(:2:)--I~o-o--'I~1 
-.5-' (0335) 
1(;~~03)1 


,~c:::: 
E=======::::;::::::=~: 
~ 
I:::: 


~ 
(0045)~ 
L 
~ 
~.-----.1 
0.73(0.029)r--- L 
I 


15 24 (0 600) 
~ 
(0 453) 


0.86 (0.034) 
12.70 (0.500) 
11.22 (0.442) 


0.73 
(0.029) 


NOTES: 
A. ALL DIMENSIONS 
IN MILLIMEmes 
AND (INCHES). 


B. ALL UNTOlERANCED 
DIMENSIONS 
ARE FOR REFERENCE 
ONLY. 


C. THE REFERENCE 
PLANE (R.P.) 1$ THE TOP SURFACE 
OF THE PACKAGE. 


O. NICKEL CAN AND GOLD·PLATED 
LEADS. 


E. S.P. = SEATING 
PLANE. 


F. THE LEAD DIAMETER 
IS 0.45 mm (0.018 in.) TYP. 
• 


.. 
.. . 


Mechanical 
Considerations 
The HEDS-1200 and HEDS- 
1300 sensors are packaged in a 
high profile 8 pin T05 metal can 
with a glass window. The emit- 
ter and photodetector 
chips are 
mounted on the header at the 
base of the package. Positioned 
above these active elements is a 
bifurcated aspheric acrylic lens 
that focuses them to the same 
point. 


The sensors can be rigidly 
secured by commercially avail· 
able T05 style heat sinks, or 
8 pin 0.200 inch diameter pin 
circle sockets. These fixtures 
provide a stable reference plat- 
form for affixing the sensors to a 
circuit board. 


In applications requiring contact 
scanning, protective focusing 
tips are available. Focusing tips 
are available in either metal 
(HBCS-2999 or HBCS-4999) or 
polycarbonate (HBCS-A998 or 
HBCS-A999) packages using a 
rugged sapphire ball as the 
contact surface. 


Electrical Operations 
Both the HEDS-1200 and 
HEDS-1300 sensors have the 
following in common. The detec- 
tor ofthe sensor is a single 
photodiode. The cathode of the 
emitter is physically and electri- 
cally connected to the case- 
substrate 
of the device. 


Applications that require modu- 
lation or switching of the LED 
should be designed to have the 
cathode connected to the electri- 
cal ground of the system. Refer 
to the Schematic and Connec- 
tion Diagrams that follow. 
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I~ 
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PLANE 
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~ 
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0, 
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PIN. 
FUNCTION (HEDS-1200) 


2 
PHOTODIODE ANODE, SUBSTRATE, CASE 
3 
PHOTODIDDE CATHODE 
4 
LEO CATHODE, SUBSTRATE, CASE 
6 
LED ANODE 


PIN. 
FUNCTION (HEDS·1300l 


2 
PHOTODIODE ANODE 
3 
PHOTOOIODE 
CATHODE 
4 
LED CATHODE, SUBSTRATE, CASE 
6 
LED ANODE 


Parameter 
Symbol 
HEDS- 
Min. 
Max. 
Units 
Fig. 
Notes 


Storage Temperature 
Ts 
1200 
-40 
+75 
°C 
1300 
-40 
+75 
°C 


Operating Temperature 
TA 
1200 
-20 
+70 
°C 
1300 
-20 
+70 
°C 


Lead Soldering Temperature 
1200 
260°C 
1 
1.6 mm from Seating Plane 
1300 
for 10 sec. 
1 


Average LED Forward 
If 
1200 
10 
40 
mA 
3 
Current 
1300 
50 
mA 
2 


Peak LED Forward Current 
Ifpk 
1200 
40 
mA 
7 
4 
1300 
75 
mA 
7 
4 


Reverse LED Input Voltage 
Vr 
1200 
2.5 
V 
1300 
5.0 
V 


Photodiode Bias 
Vd 
1200 
-0.3 
20 
V 
5 


(Id = 100 J.1Amax) 
1300 
-0.3 
20 
V 
5 


Notes: 
1. Caution: The thermal constraints ofthe acrylic lens will not permit the use ofconventional wave soldering procedures. The 
typical preheat and post-cleaning temperatures and dwelltimes can subject the lens to thermal stresses beyond the absolute 
maximum 
ratings 
and can cause it to defocus. 
2. Derate Maximum Average Current linearly from 65°Cby 6 mAl°C.[HEDS-1300only] 
3. Non-linear effects make operation ofthe HEDS·1200below 10mA not advisable. 
4. 1KHz pulse rate, 3001'8 pulse width. 
5. Allvoltages referenced to Pin 4. 


Parameter 
Symbol 
HEDS- 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Notes 


Reflected 
Ipr 
1200 
150 
280 
650 
nA 
If = 35 mA, Vd = 0 
lA, 2, 6 
6 
Photocurrent 
1300 
150 
280 
650 
nA 
See Binning Table 
IB,2,6 
6 


Quality Factor 
<Q> 
1200 
0.82 
0.95 
1.0 
If= 35 mA 
lA 
6 7 
1300 
0.82 
0.95 
1.0 
1B 
6,7 


Ipr Temperature 
Ke 
1200 
-0.005 
1/°C 
If= 35mA 
8 


Coefficient 
1300 
-0.01 
1/°C 
8 


System Optical Step 
d 
1200 
0.13 
mm 
9A 
9 
Response Size (OSR) 
1300 
0.19 
mm 
9B 
9 


Maximum Signal 
Zm 
1200 
4.01 
4.27 
4.62 
mm 
Measured 
from 
4 
Point (MSP) 
1300 
4.01 
4.27 
4.52 
mm 
Reference Plane 
4 


Effective Numerical 
N.A. 
1200 
0.3 


Aperture 
of 
1300 
0.3 
Detector Lens 


Notes: 
6. Measured from a reflector coated with 99%diffuse reflectivewhite paint (Kodak6080) positioned 4.27 mm (0.168in.) from the 
sensor's reference plane. Measured physically is the total photocurrent, Ipt, which consists of a signal (reflected from target) 
component, Ipr, and a component induced by reflections internal to the sensor (stray), Ips. Ipr = Ipt - Ips. 
7. <Q> = IprlIpt 
8. Photocurrent variation with temperature followsa natural exponential law: Ip(T) = Ip(To)·exp[Ke(T-To)] 
9. OSR size is defined as the distance for the 10%-90%"step' response ofIpr as the sensor movesover an abrupt black-white edge, 


or from opaque white to free space (no reflection). 


• 
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Parameter 
Symbol 
BEDS- 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Notes 


Dark Current 
Id 
1200 
50 
1000 
pA 
Vd = 5 V, If= 0 
1300 
50 
1000 
pA 
Reflection= 0% 


Capacitance 
Cd 
1200 
100 
pF 
Vd=OV,If=O 
1300 
100 
pF 
f= 1 MHz 
DetectorArea 
Ad 
1200 
0.16 
sq-mm 
Square,~thlength 
1300 
0.16 
sq-mm 
= 0.4mm per side 


Parameter 
Symbol 
HEDS- 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Notes 
Forward Voltage 
Vf 
1200 
1.48 
1.7 
V 
If= 35mA 
3 
1300 
1.6 
1.8 
V 
3 


ReverseBreak- 
BVR 
1200 
2.5 
V 
Ir=100~ 
downVoltage 
1300 
5.0 
V 


Thermal 
t.Vflt.T 
1200 
-0.91 
mV/oC 
If= 35 mA 
CoefficientofVf 
1300 
-1.2 
mV;oC 


Peak Wavelength 
A. 
1200 
805 
820 
835 
nm 
If= 35 mA 
5 
1300 
680 
700 
720 
nm 
5 
Emitting Area 
Ae 
1200 
0.0062 
sq-cm 
0.0889mm diameter 
junction (0.0035in.) 


1300 
0.0285 
sq-cm 
0.185mm diameter 
junction (0.0073in.) 


Ipr Limits 
(nA) 


Bini 
Min. 
Max. 


2 
150 
200 
3 
195 
245 
4 
240 
293 
5 
288 
355 
6 
350 
430 
7 
425 
520 
8 
515 
650 


Product Marking 
The photocurrent 
binning ofthe 
sensor is included in the 8-digit 
code printed on the sensor can. 
The last digit in the code repre- 
sents the bin number. 


See Figure 8 for suggestions in 
the application of photo current 
bins. 


Test algorithm bins units to the 
lowest bin number if a unit is in 
the overlap region. Such units 
can cross bin boundaries as 
temperature 
changes. (Ambient 


temperature 
affects LED effi- 
ciency slightly and may cause 
several percent changes in Ipr). 
Bin numbers are for "reference 
only" and do not constitute an 
absolute guarantee. 


The output of all LEDs degrades 
with time, depending on drive 
conditions and temperature. 


The entire available distribution 
of parts, appropriately 
marked, 
will be shipped. Single bin 
orders cannot be supplied. 
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Figure 
5. Typical Spectral 
Distribution 
of LEOs. 
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Figure 
6. Relative 
Spectral 
Response 
ofHEDS-12oo 
and HEDS- 
1300 Sensors. 


1.0 


[;J 
0.8 
~ 
c,... 
a:'" 
0." 
0" 
Z@I 
ffi~ 
0.' 
~.. 
=>0 
g>- 
>- 
0 
0.2 
:z:.. 


w 
1." 
a:>- 


~~ffi 
1.8 
"ca: 
1.7 
ca:a: 
ffi~a 
I." 
..,." 
~~~ 
1.5 
~~! 
1.' 
cwc 
,.a:,. 
1.3 
~a~ 
O",c 
1.2 
"co: 
cww 
a:•.o 
1.1 


=1= 
So 
E 
1.0 
g.= 
1 


DISTANCE 
FROM REFERENCE 
PLANE 
OF SENSOR 
- mm 
Figure 
4. Photocurrent 
Variation 
with Distance. 


Figure 
7. Sensor Pulse Drive 
Considerations. 
Max Tolerable 
Peak 
Pulse Current 
vs. Pulse Duration. 


SENSOR 
BIN NUMBER 


2 
3 
4 
5 
"7 
8 


RECOMMEND 
VALUE 
OF R1(OHMS) 


15M 
12M 
10M 
8.2M 
6.8M 
5.6M 
4.7M 


I ~ I 


At maximum signal point (MSP) 
and/or when the sensor is in 
focus, the orientation 
of the 
sensor is unimportant. 
How- 
ever, as one moves away from 
MSP and/or moves out of focus 
(either by distance or angle), the 
preferred orientation indicated 
above is recommended to main- 
tain a higher resolution spot 
size. 
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Warranty and Service 
HP Optical Reflective Sensor is 
warranted 
for a period of one 
year after purchase 
covering 
defects in material 
and work- 
manship. 
Hewlett-Packard 
will 
repair 
or, at its option, replace 
products 
that prove to be 
defective in material 
or work- 
manship 
under proper use 
during the warranty 
period. 


NO OTHER WARRANTIES 
ARE EXPRESSED 
OR 
IMPLIED, 
INCLUDING 
BUT 
NOT LIMITED TO THE 
IMPLIED 
WARRANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FOR A PARTICU- 
LAR PURPOSE. 
HEWLETT- 
PACKARD IS NOT LIABLE 
FOR CONSEQUENTIAL 
DAMAGES. 


For additional 
warranty 
or ser- 
vice information 
please contact 
your local Hewlett-Packard 
sales representative 
or author- 
ized distributor. 


-~-- 
655 nm Precision Optical 
Reflective Sensor 


Features 
• Focused Emitter and 
Detector in a Single 
Package 


• 655 nm Visible Emitter 
• 0.178mm (0.007)Resolution 
• TO-5 Miniature Sealed 
Paclmge 


• Photodiode 
Output 


Description 
The HEDS-1500 is a fully inte- 
grated module designed for appli- 
cations requiring optical reflec- 
tive sensing. The module 
contains a 655 nm visible LED 


MAXIMUM 
SIGNAL 
POINTm 
<@)) 
~-g=j 
4.\, 
~,n REFERENCE 
PLANE! 
(0.'621 


(0.2001 
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fo.1681· 
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emitter and a matched I.e. photo- 
detector. A bifurcated aspheric 
lens is used to image the active 
areas of the emitter and the de- 
tector to a single spot 4.27 mm 
(0.168 in.) in front of the package. 
The output signal is a current 
generated by the photodiode. 


Applications 
Applications for the HEDS-1500 
include bar code scanning, pat- 
tern recognition and verification, 
object sizing, optical limit switch- 
ing, tachometry, textile thread 
counting and defect detection, 
dimensional monitoring, line 
locating, paper edge detection, 
and any application where 
precision optical reflective 
sensing is desired. 


9.40 (0.3701 G:I 
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NOTES: 
1. All 
DIMENSIONS 
IN MILLIMETERS 
AND 
(INCHES). 


2. ALL 
UNTOlERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY, 


3. THE 
REFERENCE 
PLANE 
IS THE TOP SURFACE 
OF THE PACKAGE. 


4. NICKEL 
CAN AND 
GOLD 
PLATED 
lEADS. 


5. S.P. SEATING 
PLANE. 


6. THE 
LEAD 
DIAMETER 
IS O.45mm 
le.018in.) 
TYP. 


F/i;' HEWLETT 
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Mechanical 
Considerations 
The HEDS-1500 is packaged in a 
high profile 8 pin TO-5 metal can 
with a glass window. The emitter 
and photodetector chips are 
mounted on the header at the 
base of the package. Positioned 
above these active elements is a 
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bifurcated 
aspheric acrylic lens 
that focuses them to the same 
point. 


The sensors can be rigidly se- 
cured by commercially available 
two piece TO-5 style heat sinks, 
such as Thermalloy 
2205, Aavid 
Engineering 
321527, or 8 pin 
0.200 inch diameter 
pin circle 
sockets. These fixtures provide a 
stable reference platform for af- 
fixing the HEDS-1500 to a circuit 
board. 


In applications 
requiring 
contact 
scanning, protective focusing tips 
are available. 
Focusing tips are 
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available in either metal or poly- 
carbonate packages using a sap- 
phire ball as the contact surface. 
The Hewlett-Packard 
part num- 
bers are HEDS-3001, HBCS- 
2999, HBCS-4999,. HBCS-A998 
and HBCS-A999. 


Electrical 
Operation 
The detector of the sensor is a 
single photodiode. 
Figure 7 
shows photocurrent 
being sup- 
plied from the cathode of the pho- 
todiode to an inverting input of 
the operational 
amplifier. 
The 
cathode of the 655 nm emitter is 
physically and electrically con- 
nected to the case-substrate 
of 


TOP VIEW 


Rs - 
CHARACTERISTIC 
NOT DEFINED 


the device. Applications 
that re- 
quire modulation 
or switching of 
the LED should be designed to 
have the cathode connected to the 
electrical ground of the system. 


Applications where ambient light 
is present will require a special 
LED drive and recovery circuit to 
achieve the full resolution 
of the 
sensor. 
Application Note 1040 
provides data and schematics 
to 
support HEDS-1500 sensor oper- 
ation in ambient light conditions. 


A reliability 
data sheet is availa- 
ble for the HEDS-1500 precision 
optical reflective sensor. 


1 
PHOTODIODE 
CATHODE 
2 
HEADER GROUND 
4 
6 
LED ANODE 
8 
PHOTODIODE 
ANODE 


•• CUSTOMER 
SHOULD NOT CONNECT 
GROUND TO PIN 4. 


INTERNAL 
CONNECTION 
TO PIN 4 
WILL BE DELETED IN THE FUTURE. 


Parameter 
Symbol 
MiD. 
Max. 
Unit8 
Note 


Operating Temperature 
TA 
-20 
70 
°C 


Storage Temperature 
Ts 
-40 
75 
°C 


Lead Soldering Temperature 
260 
°C 
1 
for 10 sec. 


Average LED Forward Current 
If 
50 
mA 


Peak LED Forward Current 
Ifp 
(data pending) 
2 


Reverse LED Input Voltage 
Vr 
5 
V 


Photodiode Bias (-V = forward bias) 
Vd 
-0.3 
7 
V 
3 


Parameter 
Symbol 
Min. 
Typ 
Max. 
Units 
Conditions 
Note 
Figure 


Reflected Photocurrent 
Ipr 
80 
125 
- 
nA 
If=35mA 
4,5,11 
1,2,4,7 


Quality Factor 
<Q> 
0.82 
0.95 
1.0 
-- 
If=35mA 
4,6 


Maximum Signal Point (MSP) 
Z 
4.01 
4.27 
4.52 
mm 
4,7 
4 


(.158) 
(.168) 
(.178) 
(inch) 


LED Forward Voltage 
Vf 
-- 
1.72 
1.86 
V 
If=35mA 
3 


LED Reverse Breakdown Voltage 
BVR 
5.0 
-- 
-- 
V 
Ir=lOOIlA 


Photodiode Dark Current 
Id 
-- 
50 
1000 
pA 
Vd=5V,lf=0 
8 


LED Peak Wavelength 
lambda 
655 
670 
nm 
If=35mA 
5 


Ipr Temperature Coefficient 
Ke 
-0.006 
lIoC 
9 


System Optical Step 
d 
0.154 
mm 
-- 
10 
8 
Response Size (OSR) 
(0.006) 
(inch) 


Note 1: CAUTION: The thermal constraints of the acrylic lens will not permit conventional wave soldering 
procedures. The typical preheat and post-soldering cleaning procedures and dwell times can subject the lens 
to thermal stresses beyond the absolute maximum ratings and can cause it to defocus. 


Note 3: Id (max) = 1oo~. 
Recommended operation: Vd (min) = OV Vd(max) = 5V Exceeding maximum 


conditions may cause permanent damage to photodiode or to chip metallization. 


Note 4: Measured from a reflector coated with 99% diffuse reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) 
from the reference plane. 
(See "Photocurrent Test Circuit" for test connection.) Measured physically is the total photocur- 
rent, Ipt, which consists of a signal (reflected from target) component, Ipr, and a component induced by reflection internal to 
the sensor (stray), Ips. Ipt = Ipr + Ips Specified is the reflected signal component, Ipr. 


Note 5: See Bin Table 


Note 6: <Q> = IprlIpt 


Note 7: Measured from the reference plane (R.P.) of the sensor. 


Note 8: Leakage current of photodiode measured in the dark. 


Note 9: Photocurrent variation with temperature varies with LED output which follows a natural exponential law: 
Ip(T) = Ip(To)*exp[Ke(T-To)] 


Note 10: OSR size is defined as the distance for a 10%·90%"step" response oflpr as the sensor moves over an abrupt step 
from opaque white to black, or from opaque white to free space (no reflection). 


Nott. 11: Sensor contains no ambient light filtering -- see Figure 6 for relative response of detector. In bright ambient light 
conditions, LED signal may be a small portion of total signal. AC coupling and additional signal processing may be neces- 
sary. Reference Application Note 1040. 
• 
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IprLimits 


Bin# 
Min. 
Max. 


1 
80 
110 nA 


2 
105 
135 


3 
125 
155 


4 
150 
190 


5 
180 
220 


6 
215 
275 


7 
270 
320 
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LED I 


Product 
Marking 
The photocurrent binning of the 
sensor is incorporated as part of 
the date code format, assigned 
at time of test -- "CTYYWWan", 
where: 
C = letter identifying country of 
assembly -- S = Singapore. 
If blank = USA. 
T = tester code designation let- 
ter (single letter) 
YY = last two digits of year 
WW = week number in year 
a = single lot code letter (A - Z), 
sequential assignment during 
week 
n = bin number 


See Figure 7 for suggestion in 
the application of photocurrent 
bins. 


Test algorithm bins units to the 
lowest bin number if a unit is in 
the overlap region. Such units 
can cross bin boundaries as tem- 
perature changes. (Ambient 
temperature 
affects LED effi- 
ciency slightly and may cause 
several percent change in Ipr). 
Bin numbers are for "reference 
only"'and do not constitute an 
absolute guarantee. 


The output of all LEDs degrade 
with time, depending on drive 
conditions and temperature. 


The entire available distribution 
of parts, appropriately marked, 
will be shipped. Single bin or- 
ders cannot be supplied. 
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Figure 5. 655nm Emitter Typical 
Spectral Distribution 
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C1 - 
LIMITS BANDWIDTH OF PRE-AMP 


C2 - 
AC-COUPLING 
MAY BE NECESSARY 
IN HIGH 
LIGHT AMBIENT CONDITIONS 


Rt - 
FOR OPTIMUM PERFORMANCE, 
Rf SHOULD BE 


SELECTED TO MATCH BIN NUMBER OF SENSORS 
SO AS TO MAINTAIN Vo IN DESIRED RANGE. 


Warranty and Service 
HP Optical Reflective Sensor is 
warranted 
for a period of one 
year after purchase covering 
defects in material and work- 
manship. Hewlett-Packard 
will 
repair or, at its option, replace 
products that prove to be 
defective in material or work- 
manship under proper use 
during the warranty period. 


NO OTHER WARRANTIES 
ARE EXPRESSED 
OR 
IMPLIED, 
INCLUDING 
BUT 


NOT LIMITED TO THE 
IMPLIED 
WARRANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FORA 
PARTICU- 
LAR PURPOSE. 
HEWLETT- 
PACKARD IS NOT LIABLE 
FOR CONSEQUENTIAL 
DAMAGES, 


For additional warranty 
or ser- 
vice information please contact 
your local Hewlett-Packard 
sales representative 
or author- 
ized distributor. 


Single Chip Bar Code 
Decode IC 


Features 


• Supports 5 Industry 
Standard Bar Code 
Symbologies 


• Automatic Code 
Recognition 


• Choice of Parallel or Full 
Duplex Serial ASCII 
Interface 


• Programmable 
via 
Escape Sequences or 
Pin Strapping 


• CMOS 


• Through hole and surface 
mount packages 


• Audio and Visual 
Feedback Control 


The Hewlett-Packard 
Single Chip 
Bar Code Decoder IC offers 
flexible bar code decoding that is 
designed to give OEMs the ability 
to address a growing number of 
industry 
segments and 
applications. 
Flexibility is made 
possible through 
firmware that 
allows the IC to automatically 
recognize and decode the most 
popular bar code symbologies. 
User implementation 
is easy since 
only a few supporting 
components 
are required. 


HBCR·1610 
HBCR·1611 
HBCR·1612 


The HBCR-I6ID series decodes 
the most popular bar code 
symbologies used in applications 
in government, 
retail, industrial 
and medical markets. 
The IC 
automatically 
discriminates 
and 
decodes the following 
symbologies: 


• Code 39 (Standard 
or 
Extended) 


• Interleaved 2 of 5 


• UPC A, EO, EI 


• EAN/JAN 
8, 13 


• Codabar 


All bar codes may be scanned 
bidirectionally 
except for 
UPC/EAN/JAN 
bar codes with 
supplemental 
digits, which must 
be scanned so that the 
supplemental 
digits are scanned 
last. 


The HBCR-I6ID decode ICs are 
designed to accept input from 
hand held digital scanners and 
slot readers. 
The maximum 
scan 
speed is 30 ips (76 cm/s). 


The serial port supports a variety 
of baud rates, parity, and stop bits 
as described in Table 5. The IC 


• 


has a "Single Read Mode" which 
allows the application program to 
stop data input until a "Next 
Read" command has been 
received. 
This allows the host 
computer to process data 
transmissions 
before enabling 


subsequent 
reads. 
Control of 
data transmission 
is available 
using the standard 
XON /XOFF 
(°,/°3) handshake. 


The parallel port is accomplished 
via an external 74HCT646 (octal 
bus transceiver) 
or two 


74HCT574s (octal latches). 
There are handshake 
lines for 


both data and commands. 


Both audible and visual feedback 
are possible with the HBCR-I6ID 
series. 
In both cases, the 
feedback outputs from the IC 


• 
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should be buffered before driving 
the transducer. 
An LED or 
beeper connected to the IC is 
either controlled directly by the 
IC, with signals generated by 
successful decodes, or controlled 
by the host system. The tone of 
the beeper can be configured to 
one of 16 tones, or can be 
silenced. 


The decoder IC is operated from a 
+ 5 volt DC power supply. 
the 
maximum 
current draw is 24 
mA. The maximum 
power 
supply ripple voltage should be 
less than 100 mY, peak-to-peak. 


The IC automatically 
reduces 
power consumption 
whenever 
there is no scanning or decoding 
activity, or when there is no 
activity on the I/O port. 
See 
Table 4. 


The HBCR-1610 Series Users 
Manual (HBCR-1697) covers the 
following topics: 


• Specifications and Timing 
Diagrams 


• Pin Definitions and 
Schematics 


• General Scanning Tips 


• Configuration 
and Operation 


• Escape Sequence 
Programming 


• Data Output Formats 


• Sample Bar Codes 


• I/O and Pacing 
Characteristics 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Supply Voltage 
Vcc 
4.5 
5.5 
V 
1 


Ambient Temperature 
TA 
-40 
+85 
·C 


Oscillator Frequency 
Fosc 
DC 
16.000 
MHz 
2 


Notes: 
1. Maximum 
power supply ripple of 100 mV peak.to.peak. 


2. The Ie can use either 
an 11.059 or a 16.000 MHz crystal 
or ceramic 
reaonator. 
The 
FRQ pin selects the frequency 
that matches 
the oscillator. 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Storage Temperature 
TS 
- 55 
+ 150 
·C 


Supply Voltage 
Vcc 
- 0.5 
+7.0 
V 


Pin Voltage 
VIN 
- 0.5 
Vcc + 0.5 
V 
3 


Note: 
3. Voltage on any pin with respect 
to ground. 


Part 
Number 
Description 


HBCR-1610 
CMOS, 40 pin DIP, bulk shipment, no manual 


HBCR-1611 
CMOS, 44 pin PLCC, bulk shipment, no manual 


HBCR·16l2 
CMOS, 40 pin QFP, bulk shipment, no manual 


HBCR-l697 
HBCR-l6l0 
Series Users Manual 


OptionAOl 
IC individually bagged, no manual 


Option BOl 
IC individually boxed with manual and data sheet 


The default configuration 
is set 
when the IC powers up or when a 
Hard Reset command is received. 
Default configuration 
of many of 
the options is dependent 
on the 
logic states of IC pins, as shown 
in Table 5. A complete 
description 
of the pins and all 
possible configurations 
is in the 
Users Manual. 
More complete 
and flexible configuration 
is 
achieved using escape sequence 
commands. 


There are two pins that cause 
significant changes in the IC 
operation. 


The FRQ pin is used to tell the IC 
what frequency oscillator is 
attached to the IC. Using the 
higher frequency allows greater 
maximum 
scan speeds, but 
causes the IC to draw slightly 
more supply current. If the state 
of the FRQ pin does not match 
the actual oscillator, beeper tones, 
LED flash length, parallel port 
timing, and serial port baud rates 
are adversely affected. 


FRQ 
Oscillator 
Frequency 


0 
16.000 MHz 
1 
11.059 MHz 


The 10M pin selects between the 
serial and parallel I/O mode of 
the IC. Depending 
on the state of 
the 10M pin, definitions of several 
configuration 
pins change or 
move to new positions. 


10M 
I/O Mode 


0 
Parallel 
1 
Serial 


The following set of escape 
sequences are used to control the 
IC and change its default 
configuration. 
Note that all 
configuration 
changes will be lost 
after a Hard Reset, or after power 
up. Detailed information 
on how 
to formulate 
and use escape 
sequences is given in the Users 
Manual. 


Escape 
Sequence 
Function 


Ec-y<n>b 
Good Read Beep Tone 


Ec-y<n>d 
Serial Intercharacter 
Delay 
ECE 
Hard Reset 


Ec-y<n>f 
Bar Code Symbology Selection 
Ec_y<n>g 
Check Character 
Options 


Ec_y 
<n> 
h 
Decoding Options 


Ec_y<n>j 
Single Read Mode 
Ec_y 
<n> 
k 
Single Read Control 


Ec_y<n>1 
LED Control 
Ec_y 
<n> 
m 
Interleaved 
2 of 5 Length 


EC_ y <n> 0 <n characters> 
Trailer Selection 
Ec_y<n>q 
Code ill Characters 


Ec-y<n>s 
Status Request 


Ec-y<n>t 
Sound Tone 


Ec-y<n>w 
Scanner Enable 
• 


.. 
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Symbol 
Parameter 
1610 Pins 
1611 Pins 
1612 Pins 
Min. 
Max. 
Units 
Test Conditions 


VIL 
Input Low 


aU 
an 
an 
·0.5 
0.2 Vce - 0.1 
V 
Voltage 


VIH 
Input 
High 
except 
except 
except 
0.2 Vee + 0.9 
Vee + 0.5 
V 
Voltage 
9,19 
10.21 
4.15 


VIH1 
Input 
High 


9,19 
10,21 
4.15 
0.7 Vee 
Vee + 0.5 
V 


Voltage 


VOL 
Output 
Low 
1-8.10-17. 
2-9.11. 
1·3.5.7-13 
0.45 
V 
IOL' 
I.6mA 
Voltage 
21-28 
13-19, 24-31 
18-25, 40,44 


VOLl 


Output 
Low 
32·39 
36-43 
30-37 
0.45 
V 
IoL 
= 3.2 mA 
Voltage 


2.4 
V 
IOH 
= - 50",," 
Output 
High 
1-8,10-17, 
2·9,11, 
1·3,5,7-13 
VOH 
0.75 Vee 
V 
IOH 
= - 25",," 
Voltage 
21-28 
13-19,24-31 
18-25, 40-44 
0.9 Vee 
V 
IOH 
= -10",," 


2.4 
V 
IOH 
= - 400",," 
Output 
High 
VOH1 
32-39 
36-43 
30-37 
0.75 Vee 
V 
IOH 
= -150",," 
Voltage 


0.9 Vcc 
V 
IOH = - 40",," 


IlL 


Input Low 
1-8,10-17, 
2·9, II, 
1-3, 5, 7-13, 


-50 
""" 
V1N = 0.45V 
Current 
21-28 
13-19, 24-31 
18-25, 40-44 


ILl 
Input 
Leakage 
32·39 
36-43 
30-37 
±lO 
""" 
Vss:5VIN::5Vcc 
Current 


RRST 
Pulldown 
10 
50 
150 
)((J 
9 
4 
Resistor 


Supply 
Current 
18 
mA 
Scanning 
Ice 
40 
44 
38 
lI.059MHz 
4 
mA 
Idle 


Supply 
Current 
24 
mA 
Scanning 


lee 
40 
44 
38 
16.000 MHz 
6 
mA 
Idle 


Feature 
F\mction 
or Value 
Default 
Setting 
Serial 
Mode 
Parallel 
Mode 


When a symbology is enabled, bar codes 
Depends 
on pins: 
Bar Code Symbology 
of that type can be read, assuming 
C39, 125, UPC 
All codes enabled 
other decoding options are satisfied. 
CDS andC2B. 


Interleaved 
2 of 5 
Length variable from 4 to 32, or specific 
Variable, 4-32 
Variable, 4-32 
Label Length 
lengths 
from 2 to 32, or 6 or 14 only 


For Code 39 
Depends 
on pin C3C 
Depends 
on pin C3C 
Check Character 
For Interleaved 
2 of 5 
Depends 
on pin 12C 
Depends 
on pin 12C 
Verification 
For Code 128 t 
Enabled 
Enabled 


For UPC/EAN t 
Enabled 
Enabled 


Check Character 
For Code 39 and Interleaved 
2 of 5 
Depends 
on pin CST 
Depends 
on pin CST 


Transmission 
ForUPC/EAN 
Enabled 
Enabled 


For Code 128 t 
Enabled 
Enabled 


Table 5. 
Summary of Features and Configurations - HBCR-1610series 
(continued) 


Feature 
Function 
or Value 
Default 
Setting 
Serial 
Mode 
Parallel 
Mode 


Extended Code 39 
Converts paired Code 39 data 
Depends on pin EX3 
- 


Enable 
characters to Full ASCII characters 
Depends on pin EX3 


UPC vs. UPC/EAN 
UPC/EAN 
UPC/EAN 
UPC E expansion to UPC A 
Depends on pin UEE 
Depends on pin UEE 


UPC/EAN Decoding 
UPC EVersion 
1 autodiscrimination 
Depends on pin UEl 
Depends on pin UEl 


Options 
UPC/EAN supplemental 
digits 
Depends on pins US2 
Disabled 
and USS 
UPC/EAN check digit 
Transmitted 
Transmitted 


UPC/EAN output format 
Standard 
Standard 


Codabar Start/ 
Transmits or suppresses Codabar 
Depends on pin CSS 
Depends on pin CSS 
Stop Transmission 
start/stop 
characters 


Baud Rates 
1200,2400,4800,9600 
Depends on pins BRO 
- 
and BRl 


Parity 
D's, 1'5, even, odd 
Depends on pins PTO 
O's 
and PTl 


Stop Bits 
lor 2 
Depends on pin STB 
- 


XONjXOFF Pacing t 
Controis data flow on either port 
Enabled 
Enabled 


Transmitted 
character 
Controls 10 millisecond intercharacter 
Depends on pin ICD 
Delay enable 
delay on the serial port 
- 


c", 
c" 40, 
Hr, 
or none 
Trailer Selection 
String of characters appended 
Depends on pins TRO 
c" 
to the decoded message (4 maximum) 
and TRl 


Single Read Mode 
Controls when labels can be read 
Disabled 
Disabled 


Code ill Character 
Controls the transmission 
of the 
Disabled 
Disabled 
Enable 
Code ill characters before decoded data 


Good Read Beep 
Controls the tone sounded when 
High or low pitch 
High or low pitch 


Thne Selection 
a bar code label is read 
Depends on pin GRB 
Depends on pin GRB 


LED Control 
Controls LED function: flash or 
Auto Flash Mode 
Auto Flash Mode 
turn off after a label is read 


Feature 
Description 


Scanner Enable 
When enabled, scans from a wand or a slot reader are decoded; otherwise, they are ignored. 


Hard Reset 
Resets the IC as though it were just powered up. 


Self Test Failure 
An error message is transmitted 
over the serial port at 9600 baud at power up if the 


Message 
IC self test fails. 


Status Request 
Returns the version number of the software. 


Sound Tone 
Causes the IC to sound a tone of the selected pitch for 120 milliseconds. 
• 
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Stand Alone Decoder 
(Serial Mode) 


Vc< 
+5V 
EA 
10M 
+5V 


10jF 


RST 
500 0 


1N-4148 


10Kn 
8PA 


0.047jF T 


TxO 
T20uI 
RxO 
R2in 
ATS 
T10ut 
CTS 
R1in 


C, 


C2 


Piezo 
c:=:J 
Beeper 
~ 


Notes: 
1. Use the correct capacitor 
for either 
a 
crystal 
or a ceramic 
resonator. 
See 
Users Manual, 
page 2-16. 


2. See the pin diagrams 
for the pinout of 


the decode IC. Pin numbers 
vary with 


package. 
3. Volume of the beeper 
circuit is 
adjustable 
by varying 
the value of the 


500 Qpot. 


4. The eight pull up resistors 
shown in 
the schematic 
are only needed 
if a 
DIP switch is used. If the pins are 
strapped 
directly 
to ground 
or Vcc, 


the resistors 
are not needed. 
5. The logic levels of the 8m scanner 
input 
is as follows: black = high, 
white = low. 


MAX232 
LT10610r 
LT1181 


Surface Mount 
Ie Drying 


Whenever Vapor Phase or 
Infrared Reflow technologies are 
used to mount either of the 
surface mount packages, there is 
a possibility that previously 
absorbed moisture, 
heated very 
rapidly to the reflow 
temperatures, 
may cause the 
package to crack from internal 
stresses. 
There is a reliability 
concern that moisture may then 
enter the package over a period of 
time, and metal corrosion may 
take place, degrading the IC 
performance. 


To reduce the amount of absorbed 
moisture and prevent cracking, 


all of the surface mount ICs 
should undergo one of the 
following baking cycles. The 
parts MUST then be mounted 
within 48 hours. 
If the parts are 
not mounted within 48 hours, 
they must be rebaked. 


The total number of baking cycles 
must not exceed two (2). If the 
ICs are baked more than twice, 


Hewlett-Packard 
cannot 
guarantee 
the performance 
and 
reliability of the parts. 


Neither bake cycle can be 
performed in the standard 
shipping tubes. 
The ICs must be 


baked in an ESD safe, 
mechanically stable container, 
such as an aluminum 
tube or 
pan. 


Cycle 
Temperature 
Time 


A 
125'C 
24 Hours 


B 
60'C 
96 Hours 


Note: 
Cycle B must be done in an atmosphere 
of <5% relative 
humidity 
air or nitrogen. 


Stand Alone Decoder 
(Parallel Mode) 


EX3 
Vcc 
ex 
i2C 
EA 


CST 
UEE 
AST 
UE1 
Ff(l 
CSS 
GAB 
U5S 
U2S 
SPR 


+5V 


CAD 
1500 
COY 
DWR 


i 


DDY 
RTS 


47KO 
2N5088 
LED 
WA 
AD 
PDR 
PGB 


PP7 


+5V 
PPS 
PP5 
PP4 
PP3 
PP2 


SDI 
SDI 
PP1 


XTAL 
1 
PPO 


10M 


XTAL2 
GNO 


~ 
~ 


H8CR-161X 


+5V 


+5V 


lN4148 


Piezo 
c=J 
8eepef 
~ 


CAD 
COY 
DWR 
DDY 
RTS 


1 
CAB 
+5V 
23 
CBA 
3 
D1R 
21 
G 


11 
A8 
B8 
13 
08 
10 
A7 
B7 
14 
D7 
• 
A6 
B6 
15 
D6 
8 
AS 
B5 
16 
DO 
7 
A4 
B4 
17 
D4 
6 
A3 
B3 
18 
D3 
5 
A2 
B2 ,. 
02 
4 
Al 
Bl 
20 
Dl 


74HCT646 


Notes: 
1. Use the correct capacitor 
for either 
a 
crystal 
or a ceramic resonator. 
See 
the Users Manual. 


2. See pin diagrams 
for the pinout of the 
decode IC. Pin numbers 
vary with 
package. 
3. Volume of the beeper circuit is 
adjustable 
by varying 
the value of the 
500 n pot. 


4. An alternative 
circuit using two 
74HCT574 octal latches 
instead 
of the 
74HCT646 
is in the Users Manual. 


5. The logic levels of the SDI scanner 
input is as follows: black = high, 
white = low. 


Parallel I/O Handshake 


Commands 
received by the IC 


1. 
The host indicates that a command is pending by lowering 
COY. 
2. 
The IC indicates that it is ready for a command by lowering' 
CRO. 


3. 
The host outputs the command onto the data bus. 


4. 
The host indicates that the data is stable by raising COY. 


5. 
The IC reads the command from the bus. 
6. 
The IC indicates that the command was accepted by raising 
CRO. 


7. 
The host removes the data from the data bus. 


RTS 1\ 


OOY 
~ 
/5 


Dr_8 
3\ 
/7 


OWR 
4~6 


1. 
The IC indicates data is ready to be transmitted 
by lowering 
RTS; RTS stays low until the last byte has been transmitted. 
2. 
The host signals the IC that it is ready for data by lowering 
OOY. 


3. 
The IC outputs data onto the bus. 


4. 
The IC indicates that the data is stable by lowering OWR. 


5. 
The host acknowledges that the data is received by raising 
OOY. 
6. 
The IC indicates the end of the output cycle by raising OWR. 


7. 
The IC removes data from the bus. 


• 


.. 
... 


Serial Pinout 


BRO 
Vcc 
R C 
S 
B 
B 
V 
C 
I 
U 
C 


T 
T 
T 
R 
R 
N 
3 
2 
P 
D 
BRl 
C39 
S 
S 
B 
1 
0 
C 
9 
5 
C 
B 


STB 
125 


CTS 
UPC 


RTS 
CDB 
EX3 
C28 


EX3 
C28 
C3C 
U2S 


C3C 
U2S 
12C 
U5S 


12C 
U5S 
RST 
36 
CSS 


RST 
CSS 
RxD 
35 
EA +5 V 


RxD 
EA +5 V 
NC 
34 
NC 


lXD 
NC 
TxD 
33 
NC 


SDI 
NC 
SDI 
NC 


CST 
10M 
+5V 
CST 
31 
10M 
+5V 


LED 
TAl 
LED 
TAl 


BPR 
TAO 
BPR 
TAO 


GRB 
PTl 


ICD 
18 
19 
20 
21 
PTO 


XTAL 2 
FRO 
G 
T 
x 
x 
V 
N 
"IT 
"IT 
F 
P 
P 
XTAL 1 
UEE 
R 
C 
T 
T 
C 
E 
E 
R 
T 
T 


B 
D 
A 
A 
E 
1 
0 
0 
1 


Vss 
UE1 
L 
L 


2 


Pin Mnemonics 


R C 
S 
B 
B 
V 
C 
I 
U 
C 
RxD 
Received Data 
T 
T 
T 
R 
R 
N 
3 
2 
P 
D 
S 
S 
B 
1 
0 
C 
9 
5 
C 
B 
TxD 
Transmitted 
Data 


BRD-BRl 
Baud Rate Select 


PTO-PTl 
Parny Select 
TAD-TAl 
Trailer Characters 
select 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
CTS 
Clear to Send 


0 
RTS 
Request to Send 


EX3 
33 
C28 
C39 
Code 
39 
Enable 


C3C 
32 
U2S 
EX3 
Extended Code 39 Enable 


12C 
U5S 
125 
Interleaved 2 of 5 Enable 
31 
UPC 
UPC/EAN 
Enable 


RST 
30 
CSS 
CDB 
Codabar 
Enable 


RxD 
29 
EA +5 V 


C28 
Code 128 Enable 
1612 
UEE 
UPC E Expansion 
Enable 
NC 
6 
28 
NC 
UEl 
UPC 
EVersion 
1 Enable 


TxD 
7 
27 
NC 
U2S 
UPC 2 Dign Supplementals 
Enable 


U5S 
UPC 5 Dign Supplementals 
Enable 


SDI 
8 
26 
NC 
CSS 
Codabar start/stop 
char. Enable 


CST 
25 
10M +5V 
STB 
Stop Bns Select 


LED 
24 
TA1 


C3C 
Code 39 Checksum 
Enable 


12C 
Inter~aved 2 of 5 Checksum 
Enable 
BPR 
23 
TAO 
CST 
Checksum 
Transmit Enable 
SDI 
SCanner Dignallnpul 


10M 
I/O Mode Select 
RST 
IC Reset 
EA 
External Program Memory 
Enable 


GRB 
Good Read Beep Tone Select 
G 
T 
X 
X 
V 
N 
"IT 
"IT 
F 
P 
P 
FRO 
Oscillator 
Frequency 
select 


R 
C 
T 
T 
C 
E 
E 
R 
T 
T 
LED 
LEO control line 


B 
D 
A 
A 
E 
1 
0 
0 
1 
BPR 
Beeper conlrolline 
L 
L 
ICD 
Intercharacter 
Delay 
Enable 


2 
XTAL1 
Oscillator Input 


XTAL2 
Oscillator Input 


vcc 
Power 
Vss 
Ground 


7-56 


Parallel Pinout 


CRO 
Yoo 
R 0 0 c c 
v 
P 
P 
P 
P 
T 
0 
W 
0 
R 
N 
P 
P 
P 
P 
COY 
PPO 
S 
Y 
R 
Y 
0 
C 
0 
1 
2 
3 


OWR 
PP1 


OOY 
3 
2 
44 
43 
42 
41 
40 
PP2 


RTS 
PP3 
EX3 
0 
PP4 


EX3 
PP4 
C3C 
PI'S 


C3C 
PI'S 
12C 
PP6 


12C 
PP6 
RST 
PP7 


RST 
PP7 
PGB 
EA +sv 


PGB 
EA +Sv 
NC 
1611 
NC 


POR 
NC 
POR 
NC 


SOl 
NC 
SOl 
NC 


CST 
10M +ov 
CST 
10M 
+ov 


LED 
USS 
LED 
USS 


BPR 
U2S 
BPR 
U2S 


WR 
GRB 


RO 
CSS 


XTAL 2 
FRO 
U U 
W 
R 
X 
X 
V 
N 
F 
C 
G 


XTAL 1 
UEE 
R 
0 
T 
T 
C 
E 
E 
R 
S 
R 
A 
A 
E 
1 a 
S 
B 
¥Ss 
UE1 
L 
L 


2 


R 0 0 c c 
v 
P 
P 
P 
P 


·T 
0 
W 
0 
R 
N 
P 
P 
P 
P 
Pin Mnemonics 
S 
Y 
R 
Y 
0 
C 
0 
1 
2 
3 


PPO-PP7 
Parallel Port Bus 


OWR 
Data Write handshake 
OOY 
Ready for data handshake 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
CRO 
Command 
read handshake 
0 
COY 
Command 
ready handshake 
EX3 
PP4 
RTS 
Request to 5end 


C3C 
PI'S 
C3C 
Code 39 Checksum 
Enable 


12C 
Interleaved 2 of S Checksum 
Enable 
12C 
31 
PP6 
CST 
Checksum 
Transmit 
Enable 


RST 
4 
PP7 
EX3 
Extended Code 39 Enable 


EA +SV 
WR 
Datawrtte 
PGB 
S 
AD 
1612 
Data read 


NC 
NC 
U2S 
UPC 2 DigK SUpplementals 
Enable • 


POR 
7 
NC 
USS 
UPC S DigK SUpplementais 
Enable 
.. 


CSS 
Codabar start/stop 
char. Enable 
... 


SOl 
8 
NC 
PGB 
Transceiver 
drtve Enable 


CST 
9 
10M +ov 
POR 
Transceiver 
direction 
control 


USS 
UEE 
UPC E Expansion 
Enable 
LED 
UE1 
UPC EVersion 
1 Enable 


BPR 
U2S 
SOl 
SCanner Dignallnput 


10M 
I/O Mode 5elect 
RST 
IC Reset 


EA 
External Program Memory 
Enable 


FRO 
Oscillator 
Frequency 5elect 


GRB 
GOOd Read Beep Tone select 
iN 
R 
X 
X 
V 
N U U 
F 
C 
G 
LED 
LEO control line 
R 
0 
T 
T 
C 
E 
E 
R 
S 
R 
BPR 
Beeper 
control line 
A 
A 
E 
1 
a 
S 
B 
L 
L 
XTAL1 
Oscillator Input 
XTAL2 
Oscillator Input 
2 
Voc 
Power 
Vss 
Ground 


52.8 
51":9 


40 
2' 
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HBCR·1612 


Warranty and Service 
The HP Decode IC is warranted 
for a period of one year after 
purchase 
covering defects in 
material 
and workmanship. 
Hewlett-Packard 
will repair 
or, 
at its option, replace products 
that prove to be defective in 
material 
or workmanship 
under 
proper use during 
the warranty 
period. 


NO OTHER WARRANTIES 
ARE EXPRESSED 
OR 
IMPLIED, 
INCLUDING 
BUT 
NOT LIMITED TO THE 
IMPLIED 
WARRANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FOR A PARTICULAR 
PURPOSE. 
HEWLETT- 
PACKARD IS NOT LIABLE 
FOR CONSEQUENTIAL 
DAMAGES. 


For additional 
warranty 
or 
service information 
please 
contact your local Hewlett- 
Packard 
sales representative 
or 
authorized 
distributor. 


Handling 
Precautions 


The decoder ICs are extremely 
sensitive 
to electrostatic 
dis- 
charge (ESD). It is important 
that proper anti-static 
procedures 
be observed when 
handling 
the ICs. The package 
should not be opened except in a 
static free environment. 


• 
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Programmable 
Bar Code Decode ICs 


Features 
• Ideal for Hand Scanning 
and Non-contact 
Laser 
Scanning Applications 


• Supports 
7 Industry 
Stan- 
dard Bar Code Symbologies 


• Automatic 
Code 
Recognition 


• Choice of Parallel or 
Serial Interface 


• Full Duplex ASCII 
Interface 


• Extensive 
Configuration 
Control 


• Optical and Escape 
Sequence Configuration 


• Input and Output 
Buffering 


• Low Current 
(18 mAl CMOS 
Technology 


• 40 Pin DIP and 44 Pin 
PLCC Packages 


• Audio and Visual Feedback 
Control 


• EEPROM Support For Non- 
volatile Configuration 


• Single +5 Volt Supply 


Description 
Hewlett-Packard's 
Bar Code De- 


coder ICs offer flexible bar code 
decoding capability that is de- 
signed to give OEMs the ability to 
address a growing number of in- 
dustry segments and applica- 
tions. Flexibility is made possible 
through sophisticated firmware 
which allows the ICs to accept 
data from a wide variety of scan- 
ners and to automatically 
rec- 


ognize and decode the most pop- 
ular bar code symbologies. User 
implementation 
of the decoder 
ICs is easy since it requires only a 
few supporting components and 
provides a standard 
VO interface. 


Manufacturers 
of data collection 
terminals, 
point of sale terminals, 
keyboards, weighing scales, med- 
ical equipment, test instrumen- 
tation, material handling equip- 
ment, and other systems having 
data collection needs are finding a 
growing demand for bar code 
reading capability in their prod- 
ucts. The HBCR-2210 series de- 
code ICs make it easy to add this 
capability without the need to in- 
vest in the development of bar 
code decoding software. 


The bar code decoder ICs are com- 
patible with most hand held scan- 
ners and some medium speed ma- 


HBCR·2210 
HBCR·2211 


chine mounted laser heads. 
The 


HBCR-2210 series is compatible 
with fixed beam non-contact scan- 
ners, digital wands, and slot read- 
ers. In addition, the decoder is 
optimized for use with the Symbol 
Technologies moving beam laser 
scanners, but is also compatible 
with many other moving beam 
non-contact laser scanners with a 
similar interface protocol. 


The HBCR-2210 series decoder 
ICs are excellent decoding solu- 
tions for a number of stationary 
scanning applications found in 
automated 
systems. 
The scan 


rate for moving beam applications 
should be similar to the scan 
rates for hand held laser scanners 
(35 to 45 scans per second), The 
scan speed for fixed beam applica- 


tions should be similar to the 
scan speeds typical of wands and 
slot readers. 
For moving beam 


applications, it is necessary for 
the scanner to utilize the three 
laser control lines. 


The HBCR-2210 series decodes 
the most popular bar code sym- 
bologies now in use in applica- 
tions in the industrial, 
retail, gov- 


ernment and medical markets: 


• Code 39 (Standard 
or 
Extended) 


• Interleaved 
2 of 5 


• UPCA. E 


• EAN/JAN 
8, 13 


• Codabar 


• Code 128 


• Code 11 


• MSICode 


When more than one symbology 
is enabled, the bar code being 
scanned will automatically 
be rec- 
ognized and decoded, except for 
Standard 
versus Extended Code 


39, which are mutually exclusive. 
Bi-directional scanning is allowed 
for all bar codes except UPCI 
EAN/JAN 
with supplemental 
dig- 


its, which must be scanned with 
the supplemental 
digits last. 


The 110 for the decode IC is full 
duplex, 7 bit ASCII. Both serial 
and parallel interfacing are avail- 
able. The serial interface can be 
converted to an RS232C interface 
or connected directly to another 
microprocessor for data process- 
ing. The parallel interface can be 
connected to a 74HC646 octal bus 
transceiver 
chip (or an equivalent 


part). 
Feedback to the operator is 


accomplished by signals for an 
LED and a beeper. 
In addition, 


there are many programmable 
functions that cover such items as 
code selection, good read 


beep tone, Header and Trailer 
buffers, laser scanning control, 
beeper tone, etc. See Table 2 for a 
complete list. 


Performance Features 
Bar Codes Supported 
Code 39 is an alphanumeric 
code, 


while Extended Code 39 encodes 
the full 128 ASCII character set 
by pairing Code 39 characters. 
Both can be read bi-directionally 
with message lengths of up to 32 
characters. 
An optional check- 
sum character can be used with 
these codes, and the ICs can be 
configured to verify this character 
prior to data transmission. 


Interleaved 2 of 5 code, a compact 
numeric only bar code, can also be 
read bi-directionally with mes- 
sage lengths from 4 to 32 char- 
acters. 
To enhance data ac- 
curacy, optional checksum 
character verification and/or mes- 
sage length checking can be en- 
abled. 


The following versions ofUPC, 
EAN and JAN bar codes can be 
read bi-directionally: UPC-A, 
UPC-E, EAN-8, EAN-13, JAN-8, 
and JAN-13. All versions can be 
enabled simultaneously 
or de- 
coding can be restricted to only 
the UPC codes. UPC, EAN, and 
JAN codes printed with comple- 
mentary two or five digit supple- 
mental encodations can be read in 
two different ways. If the codes 
are enabled without the supple- 
mental encodations, then only the 
main part of symbols printed with 
supplemental 
encodations will be 
read. 
If the reading of supple- 
mental encodations is enabled, 
then only ~ymbols with these sup- 
plements will be read. When sup- 
plemental encodations are en- 
abled, the bar code symbols must 
be read in a direction which re- 
sults in the supplements being 
scanned last. 


Codabar, a numeric only bar code 
with special characters, 
can be 
read bi-directionally for message 
lengths up to 32 characters. 
The 
decode IC can be configured to 
transmit 
or suppress the Codabar 
starUstop characters. 


Code 128, a full ASCII symbology, 
can be scanned bi-directionally 
with message lengths of up to 32 
characters. 


Code 11 is a numeric, high den- 
sity code with one special char- 
acter, the hyphen (-). Verification 
of one or two check characters 
must be enabled, and the check 
character(s) are always trans- 
mitted. 
This code can be scanned 
bi-directionally. 


MSI Code is a numeric, continu- 
ous code, with message lengths 
up to 32 characters. 
The check 
digit, a modulo 10 checksum, is 
always verified and transmitted. 
This code can be scanned bi- 
directionally. 


Scanner Input 
The HBCR-2210 decode IC is de- 
signed to accept data from hand 
held digital scanners or slot read- 
ers with the following logic state: 
black = high, white = low. The 
same decode IC also accepts data 
from hand held laser scanners 
with the opposite logic states: 
black = low, white = high. The 
scanner type pin (SCT) on the 
HBCR-2210 series must be driven 
prior to power up or hard reset to 
identify the type of scanner con- 
nected. 
• 
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In the HBCR-2210 series ICs, the 
automatic laser shutoff feature 
delay time is adjustable as a con- 
figuration option. Applications 
which require increased accuracy 
may need the redundancy 
check 
feature. 


Scanner input can be disabled by 
software command. This allows 
an application program to control 
when an operator can enter data, 
preventing inadvertent 
data en- 
try. It also allows the program to 
verify each scan before enabling 
subsequent 
scans. The HBCR- 
2210 series also offers two Single 
Read Modes which allow the ap- 
plication program to stop bar code 
data entry until a "Next Read" 
command is received, allowing 
the host computer to process data 
transmissions 
before enabling 
subsequent reads. 


Configuration 
Control and 
Non-volatile 
Storage 
Configuration of the decoder IC is 
done by any of three methods. A 
minimal subset of key options can 
be "hardwired" - controlled by 
electrically strapping 
specified 
pins on the decoder IC itself. 
Which pins affect configuration 
depends on the selection of serial 
or parallel interface. Alternative- 
ly, ASCII characters 
in the form 
of HP Escape Sequences (a format 
common to HP decoder ICs) can 
be sent to the serial or parallel 
I/O port; these commands can be 
used to control all configurable 
options. A third method is optical 
configuration, which makes use of 
special bar code menus supplied 
by HP. Menu labels can be creat- 
ed to modify any configurable op- 
tions. A summary ofthe decoder 
IC features and applicable con- 
figuration methods for each is 
presented in Tables 2 and 3. 


Once configuration has been set, 
it can be stored in an optional 
non-volatile memory, if included 
in the decoder circuit. When the 
EEP pin is tied high, the decoder 
IC drives I/O lines compatible 
with the widely available 9346/ 
93C46 family of serial EE- 
PROMS. The configuration is 
thereby saved during power down 


of the system and automatically 
reloaded at power up. Escape se- 
quence commands allow explicit 
storage and recall of configura- 
tion settings. When using optical 
configuration, storage is auto- 
matic. Ifthe EEP pin is tied low, 
the EEPROM is not used, so only 
hard wired configuration options 
are saved through powerdown; 
all others are set to default values 
at powerup. Table 2 shows 
default values of all features. 


Data Communications 
The serial port supports a wide 
range of baud rates, parities, and 
stop bits as described in Table 2. 
Software control of data trans- 
mission can be accomplished with 
a standard Xon/Xoff (DClIDC3) 
handshake. 
The decode IC also 
supports an RTS/CTS hardware 
handshake. 


The parallel port data has con- 
figurable parity. 
When the SMD 
pin is tied low, several pins per- 
taining to the serial port change 
function to control a parallel port 
instead. 
Pins 1 through 5 on DIP 
packages assume the function of 
handshake 
lines for the parallel 
port. The port itself is an ex- 
ternal '646 family octal bus trans- 
ceiver. Processor pins 10 and 11 
(TXD and RXD in serial mode) 
now control the transceiver 
chip 
along with pins 16 and 17, RD 
and WR. Alternative circuits us- 
ing SSI latch chips can be sub- 
stituted for the '646 imple- 
mentation to customize the 
function of the parallel port to a 
particular 
bus configuration. 


Feedback Features 
Both audio and visual feedback 
are possible with the HBCR-221O 
series. 
In both cases, the outputs 
from the ICs should be buffered 
before driving the actual feedback 
transducer. 
An LED or beeper 
connected to the decoder IC can 


be controlled directly by the !C, 
with signals generated by suc- 
cessful decodes, or can be con- 
trolled by the host system. 
In ad- 
dition, the tone ofthe beeper can 
be configured to be one of 16 dif- 
ferent frequencies, or can be 
silenced. 


Power Requirements 
The decoder IC operates from a 
+5 volt DC power supply. The 
maximum current draw is 18 mA. 
The maximum power supply rip- 
ple voltage should be less than 
100 mV, peak-to-peak. 


Handling 
Precautions 
The decoder ICs are extremely 
sensitive to electrostatic 
dis- 
charge (ESD). It is important 
that proper anti-static 
procedures 
be observed when handling the 
ICs. The package should not be 
opened except in a static free en- 
vironment. 


Manuals 
The decode IC Users Manual 
covers the following topics: 


• 
Data output formats 


• 
I/O interfaces 


• 
Laser input timing 
diagrams 


• 
Escape sequence syntax 
and functionality 


• Example schematics 


• All configurable options 


• Bar code menus 


• Scanner positioning and 
tilt 


• Sample bar code symbols 


• Appendices describing bar 
code symbologies 


Part Number 
Description 


HBCR-2210 
CMOS, 40 pin DIP, bulk ship, no manual 


HBCR-2211 
CMOS, 44 pin PLCC, bulk ship, no manual 


OPT A01 
IC individually 
boxed with manual 
and data sheet 


HBCR-2297 
HBCR-2210 Series Users Manual 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Supply Voltage 
Vcc 
4.0 
6.0 
V 
1 


Ambient Temperature 
TA 
-40 
+85 
°C 


Crystal Frequency 
XTAL 
o (nC) 
11.059 
MHz 
2 


Element 
Time Interval 
ETIM 
13 
555 
I!S 
2,3,4 


(Moving Beam) 


Element 
Time Interval 
ETIc 
50 
71000 
!J.s 
3,4 


(Contact Scanner) 


Notes: 
1. Maximum power supply ripple of 100 mV peak to peak. 
2. The HBCR-2210 series uses a 11.059MHzcrystal. For different crystal frequencies, multiply the specified 


baud rate and beeper frequencies by (crystal frequency/l1.059 MHz)and multiply the element time interval 
ranges by (11.059 MHz/crystal frequency). 


3. At the specifiedcrystal frequency. 
4. Corresponds to a scan rate of 35 to 45 scans per second. 
• 


.. 


'" 


Parameter 
Symbol 
Minimum 
Maximum 
Units 
Notes 


Storage Temperature 
Ts 
-55 
+150 
°C 


Supply Voltage 
Vcc 
-0.5 
+7.0 
V 
5 


Pin Voltage 
VIN 
-0.5 
Vcc+0.5 
V 
5,6 


Notes: 
5. TA = 25°C 
6. Voltage on any pin with respect to ground 


DC Characteristics 
HBCR-2210, 2211 


Symbol 
Parameter 
HBCR-2210 
Pins 
HBCR-2211 
Pins 
Min. 
Max. 
Units 
Test 
Conditions 


VIL 
Input 
Low Voltage 
all 
all 
-0.5 
0.2 Vee 
V 
-0.1 


VlH 
Input 
High Voltage 
except 
9, 18 
except 
10, 20 
0.2 Vee 
Vee+0.5 
V 
+0.9 


VIHI 
Input 
High Voltage 
9, 18 
10,20 
0.7 Vee 
Vee+0.5 
V 


VOL 
Output 
Low Voltage 
1-8, 10-17,21-28 
2-9, 11, 13-19,24-31 
0.45 
V 
IOL~ 1.6 mA 


VOLI 
Output 
Low Voltage 
30,32-39 
33, 36-43 
0.45 
V 
IOL~ 3.2 mA 


2.4 
V 
IOH~ - 
60/LA 


VOH 
Output 
High Voltage 
1-8, 10-17, 21-28 
2-9, 11, 13-19, 24-31 
0.75 Vee 
V 
IOH~ -30/LA 


0.9 Vee 
V 
IOH~ -10 
/LA 


2.4 
V 
IOH~ -400/LA 


VOH 
Output 
High Voltage 
30,32-39 
33,36-43 
0.75 Vee 
V 
IOH~ 
-150/LA 


09 
Vee 
V 
IOH~ 
-40/LA 


IlL 
Input 
Low Current 
1-8, 10-17, 21-28 
2-9, 11, 13-19, 24-31 
-10 
-200 
/LA 
VIN~ 0.45 V 


IIL2 
Input 
Low Current 
18 
20 
-3.2 
mA 
VIN~ 0.45 V 


ILl 
Input 
Leakage 
32-39 
36-43 
±1O 
/LA 
0.45 :SVIN:SVee 
Current 


RRST 
Pulldown 
Resistor 
9 
10 
20 
125 
KG 


Ice 


Power 
Supply 
- 
- 
18 
mA 
All Outputs 


Current 
disconnected 


Ice 


Idle Mode Power 
9 
mA 
Note 7. 
Supply 
Current 
- 
- 


Software 
Hardwire 
Both 


Escape Sequence and Optical Menu Programmability 
Control of a feature by electrically strapping 
specified pins on the decoder Ie itself 


Both Software and Hardwire 


Feature 
Function 
or Value 
Selection 
Default 
Setting 


Code Selection 
When a symbology is enabled, 
Both 
Decoding of all 


bar codes of that type can be 
codes is enabled 


read, assuming that other de- 
coding options are satisfied. 


MinimumIMaximum 
Code 39, Codabar, Code 128, 
Software 
Min. = 1 
Label Length 
Code 11, and MSI Code 
Max. = 32 
Selection 
Interleaved 
2 of 5 
Software 
Min. =4 
Max. = 32 


Feature 
Function 
or Value 
Selection 
Default 
Setting 


Interleaved 
2 of 5 
Length variable from 4 to 32, 
Software 
4 to 32 
Specific Label 
or a specific even length be- 
Length Selectio'n 
tween 2 and 32, or lengths 6 
and 14 only 


Check Character 
For Code 39 
Software 
Disabled 
Verification Enable 
For Interleaved 
2 of 5 
Software 
Disabled 
When enabled; the check character 
at the end of the bar code data 
is verified by the decoder 


Check Character 
For both Code 39 and Interleaved 
Software 
Disabled 
Transmission 
2 of 5, the check characters 
Enable 
verified by the reader are 
included at the end of the 
decoded message 


Code 39 Full ASCII 
Extended Code 39 data will be 
Software 
Disabled 
Conversion Enable 
converted to ASCII characters 


UPCIEAN/JAN 
UPCIEAN/JAN 
vs. UPC only 
Software 
UPCIEAN/JAN 
Decoding Options 
Enable 2 or 5 digit supplements 
Enabled 
Selection 
Supplements 
Disabled 


Autodiscrimination 
of tags with 
Software 
Disabled 
and without supplements 


Codabar Data 
Transmit 
or suppress 
start/stop 
Software 
Transmit 
Start/Stop 
characters 
Transmission 
Enable 


Code 11 Check Digit 
Selection of 1 or 2 check digits 
Software 
1 check digit 
Verification Selection 


Baud Rates 
150,300,600,1200,2400, 
Both 
Depends on pins 


4800,9600,19200 
BR1, BRO,and SMD 


Parity 
O's, l's, Odd, Even 
Both 
Depends on pins 
EEP, PTI and PTO 


Stop Bits 
lor 
2 
Both 
Depends on 
pins SMD and STB 


RTS/CTS Pacing 
Request- To-Send/Clear- To-Send 
Software 
Enabled 
Enable 
Pacing controls serial port 
data transmission 


XonIXoff Pacing 
Controls data transmission 
on 
Software 
Disabled 
Enable 
serial or parallel port by means 
of control characters 
sent to 
decoder Ie 


Transmitted 
Char- 
Specifies whether a delay is 
Software 
Disabled 
acter Delay Enable 
inserted between characters 
transmitted 
on the serial port 
• 


.. 
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Feature 
Function or Value 
Selection 
Default Setting 


Transmitted 
Char- 
Specifies the number of milli- 
Software 
20msec 
acter Delay 
seconds to insert between 
Selection 
completion of transmission 
of 
one character and beginning of 
transmission 
of the next 
(1 to 250 ms) 


Header Selection 
A string of characters 
pre- 
Software 
none 
pended to the decoded message 
(10 characters, 
maximum) 


Trailer Selection 
A string of characters 
appended 
Software 
CRLF 
to the decoded message 
(10 characters, 
maximum) 
. 


Reader Address 
Reader Address is transmitted 
at 
Software 
none 
Selection 
the beginning of decoded and No- 
Read messages for polling 
purposes. (1 character) 


Message ReadylNot 
The Message ReadylNot Ready re- 
Software 
ACKINAK 
Ready Response 
sponse is transmitted 
after the 
Selection 
reader receives a status request 
type 3 and is used with Single 
Read Mode 2. (1 character each) 


No-Read Message 
The No-Read Message configured 
Software 
none 
Selection 
is transmitted 
each time there 
is an unsuccessful read 
(10 characters, 
maximum) 


No-Read 
Controls whether the decoder 
Software 
Disabled 
Recognition 
detects unsuccessful reads 
Enable 
and sends the No-Read Message 


Single Read Mode 1 
Controls 
reading and automatic 
Software 
Disabled 
Enable 
transmission 
of decoded 
messages 


Single Read Mode 2 
Controls separate reading of 
Software 
Disabled 
Enable 
bar codes and triggering decoded 
message transmission 


Output Buffering 
Characters 
to be transmitted 
Software 
Disabled 
Enable 
are entered into a 256 character 
queue for use with a pacing 
protocol. 


Scanner Type 
Determines 
whether a wand or 
Hardwire 
Depends on pin 
Selection 
laser is to be used 
SCT 


Laser Shutoff 
Defines laser on time prior to 
Software 
3 seconds 
Delay Selection 
automatic shutoff, from 0 to 10 
seconds in 100 ms steps 


Laser Redundancy 
Enables requirement 
for two 
Software 
Disabled 
Check Enable 
consecutive, identical decodes 
for a good read 


Feature 
Function 
or Value 
Selection 
Default 
Setting 


Continuous Laser 
When enabled, the laser is turned 
Software 
Disabled 
Read Mode Enable 
on pennanently 
instead of waiting 
for the trigger to be pulled 


Laser Connection 
When enabled, the scanner type 
Software 
Disabled 
Detection Enable 
pin is ignored at powerup. 
Instead, the decoder tests for 
a laser scanner to determine 
scanner type 


Laser Trigger 
When enabled, the laser scanner 
Software 
Disabled 
Latch Mode Enable 
continues to scan after the 
trigger has been released until 
either the laser shutoff delay 
period elapses or a read occurs 


Laser Idling Enable 
When enabled, the processor idles 
Software 
Disabled 
while waiting for the trigger to 
be pulled, reducing current draw 


Code ID Character 
Code ID character serves to 
Software 
Code 39 = 
a 
Selection 
identify the symbology of the 
Int 2/5 = 
b 
decoded message 
UPCIEAN = c 
Codabar 
= 
d 
Code 128 = 
e 
Code 11 = 
f 
MSI Code = 
g 


Code ID Character 
Code ID character can be added 
Software 
Disabled 
Transmission 
to the beginning of each decoded 
Enable 
message 


Bar Code Menu 
Verification of individual 
Software 
Disabled 
Scan Response 
configuration menu scans via 
Enable 
transmission 
of response message 


Hard Reset 
"Ready 12.4" CR LF will be 
Software 
Disabled 
Message Enable 
transmitted 
to host upon hard reset 


ROM, RAM Self 
When enabled, ROM and RAM are 
Software 
Enabled 
Test Enable 
tested after a Hard Reset 


Good Read Beep 
Selects Good Read Beep 
Software 
Tone 12 
Tone Selection 
tones (1 to 16) 


LED Control 
Controls the LED function: 
Selection 
Automatic Flash Mode 
Enabled 
Automatic Feedback Mode 
Disabled 


LED Active 
Defines logic level of LED ON 
Software 
Active High 
Level Selection 
state 


LED, Beeper Feed- 
Suppresses LED and Beeper 
Software 
Not Suppressed 
back Suppression 
operation for systems without 
Enable 
those annunciators 
• 
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Feature 
Function 
or Value 
Selection 
Default 
Setting 


Wand Input 
Data from wand scans is collected 
Software 
Disabled 
Buffering Enable 
continuously in an input buffer 
to increase throughput 


Quiescent State of 
The quiescent state of the pro- 
Software 
High 
Address Line 
cessor memory bus address lines 
Selection 
A8, A9, A10 can be defined for 
additional 
I/O interfacing 


Features 
Description 


Scanner Enable 
When enabled, scans with the wand or laser are decoded; otherwise, they are 
ignored 


Hard Reset 
Resets decoder IC as though it were just powered up 


Soft Reset 
Clears pacing conditions, errors 


LED Control Selection 
Controls the LED On/Off function 


Status Requests 
Cause the decoder to generate a status message 
• General status message showing symbology oflast message read, error 


conditions, etc. 
• Message ReadylNot Ready response (for Single Read Mode 2) 


Sound Tone 
This command causes the reader to sound a tone at the selected pitch for 
approximately 
100 milliseconds 


Configuration 
Control 
There are three operations that manipulate 
the decoder configuration as a block. 


• Set default configuration 
• Save configuration in non-volatile memory 
• Recall non-volatile configuration 


Execute Pending 
For use with laser scanning, this command causes immediate 
execution of previous 


Command 
commands that would otherwise be postponed until the laser scan finishes 


Power Idle Mode 
Reduces current draw of processor from approximately 
20 mA to 4 mA in 
wand mode when the wand is inactive 


Laser Failure Timeout 
Turns off the laser if the Scan Sync signal is missing after approximately 
1 second, and sets the laser failure status bit 


Self Test Failure Message 
An appropriate 
message is transmitted 
at power up if the decoder Self Test 
fails. 


• ROM SELF TEST FAILED 
• EEPROM SELF TEST FAILED 
• RAM SELF TEST FAILED 


EEPROM Fault 
An appropriate 
message is transmitted 
at power up if the EEPROM 


Recogni tion 
checksum is incorrect. 


• EEPROM FAULT 


Parallel Mode Handshake Timing 


Handshake and Data Lines 


Handshake 
Timing 


teR = 
Falling 
edge of command 
ready to falling edge of command 
read. Max. = 30 fLsfor the first byte 


of transmission 
from host. 


Falling 
edge of command 
read to command 
valid. 
Min. = 0 f1S 


Command 
valid set up to rising edge of command 
ready. 
Min. = 0 f1S 


Rising edge of command 
ready to rising edge of command 
read. Max. = 8 f1S 


Rising edge of command 
read to falling edge of command 
ready. Min. = 0 f1S 


teB= 


te8= 


teA = 


tee = 


Handshake and Data Lines 


RTS ~ 
_ 


Handshake 
Timing 


too = Falling 
edge of data ready to data output 
to bus. Min. = 6 f1S Typical Max. = 74 f1S 


Note: The maximum 
can be infinite 
if there is no data to be transmitted. 
RTS can be used to 
determine 
when there is data. 
If the scanner 
is active or escape 
sequence 
commands 
are being processed, 
(too + tOF) can extend by an indefinite 
amount. 


tOF = Data output 
to bus to falling edge of data write. Max. = 6 fLs 


tOA= Falling edge of data write to rising edge of data ready. Min. = 0 fLs 


tow = Rising edge of data ready to rising edge of data write. 
Max. = 8 fLs 


ton = Data hold after rising edge of data write. 
Max. = 4 fLs 


too = Rising edge of data write to falling edge of data ready. 
Min. = 0 f1S 
• 


.. 
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PLCCDrying 
Whenever Vapor Phase or In- 
frared Reflow Technologies are 
used to mount the PLCC pack- 
ages, there is a possibility that 
previously absorbed moisture, 
heated very rapidly to .the reflow 
temperatures, 
may cause the 
package to crack from the inter- 
nal stresses. 
There is a reliability 
concern that moisture may then 
enter the package over a period of 
time, and metal corrosion may 
take place, degrading the IC per- 
formance. 


To reduce the amount of ab- 
sorbed moisture and prevent 
cracking, all of the PLCC ICs 
should undergo one of the fol- 
lowing baking cycles. The parts 
must then be mounted within 48 
hours. 


Ifthe parts are not mounted with- 
in 48 hours, they must be re- 
baked. 


Neither bake cycle can be per- 
formed in the standard 
shipping 


tubes. 
The ICs must be baked in 


an ESD safe, mechanically stable 
container, such as an aluminum 
tube or pan. 


The total number of baking cycles 
must not exceed two. If the ICs 
are baked more than twice, Hew- 
lett-Packard 
cannot guarantee 
the performance and reliability of 
the parts. 


Cycle 
Temperature 
Time 
Notes 


A 
125°C 
24 hrs 


B 
60°C 
96 hrs 
8 


Note: 
8. Cycle B must be done in atmosphere 
of <5% 
relative humidity air or nitrogen. 


Pin Definitions 


BRO 
Vcc 
BR1 
ADO 
sm 
A01 


CTS 
AD2 


RTS 
AD3 


LSE 
AD4 


SCT 
ADS 


TAG 
AD6 


RST 
AD? 


AxO 
Eft: +5V 


1)(0 
ALE 


SOl 
NC 
ssv 
SMO 
+5 V 


LED 
EEP 


BPR 
EPC 


WR 
ECEj 
PH 
AD 
EIO j PlO 


XTAL 2 
A10 


XTAL 1 
NJ 


V•• 
A8 


Pin Mnemonics 


ADO-AD? 
Address/Data 
bus 
RTS 
Request 
to send 
AxO 
Received 
Data 
CTS 
Clear to send 
1)(0 
Transmitted 
Data 
RST 
ICreset 


BRo- BR1 
Baud rate 
EEP 
EEPROM select 
PlO- 
PT1 
Parny 
EPC 
EEPROM clock 
STB 
Slop bns 
ECE 
EEPROM chip enable 


LSE 
Laser scan enable 
EIO 
EEPROM I/O 
SCT 
SCanner type 
TAG 
Laser trigger 
line 
501 
SCanner dignal input 
SSV 
SCanner synchronization 
LED 
LED control 
line 
A8 
Address line #8 
BPR 
Beeper control line 
NJ 
Address line #9 
WR 
Data memory 
write 
Alo 
Address line #10 
AD 
Data memory 
read 
Eft: 
External 
program 
enable 
XTAL1 
Crystal input 
ALE 
Address 
latch enable 
XTAL2 
Crystal Input 
Vcc 
Power 
SMO 
serial Mode select 
V •• 
Ground 


R 
C 
S 
B 
B 
V 
A 
A 
A 
A 
T 
T 
T 
R 
R 
N 
0 
0 
0 
0 
S 
S 
B 
1 
a 
C 
a 
1 
2 
3 


LSE 
0 
AD4 


SCT 
ADS 


mG 
AD6 


RST 
AD? 


RxO 
EA +5V 


NC 
NC 


TxO 
ALE 


SOl 
NC 


SSY 
31 
SMO +5V 


LED 
EEP 


BPR 
EPC 


18 
19 
20 
21 
22 
23 
24 
25 
26 
2? 
28 


Iii R 
x 
x 
V 
N 
A 
A 
A 
P 
P 


R 
0 
T 
T 
s 
C 
8 
9 
1 
T 
T 


A 
A 
s 
a 
a 
1 
L 
L 
/ 
/ 


E 
E 
2 
I 
C 
0 
E 


Figure 
4. HBCR-2211 
Serial 
Pinout 


Pin Mnemonics 


ADO-AD? 
Address/Data 
bus 


RxO 
ReceiVed Data 
1)(0 
Transmitted 
Data 
BRO- BR1 
Baud rale 


PTO- PT1 
Parny 
sm 
Stop bns 
LSE 
Laser scan enable 


SCT 
SCanner type 
SOl 
Scanner 
digital input 
LED 
LED conlrolline 
BPR 
Beeper control line 
WR 
Data memory 
write 


Ri5 
Data memory 
read 
XTAL1 
Crystal input 


XTAL2 
Crystal input 
• 


SMO 
serial Mode select 


RTS 
Request 
to send 
CTS 
Clear to send 
RST 
ICreset 
EEP 
EEPROM select 
EPC 
EEPROM clock 


ECE 
EEPROM chip enable 


EIO 
EEPROM I/O 
mG 
Laser trigger line 


SSY 
SCanner 
synchronization 
A8 
Address 
line #8 
A9 
Address 
line 119 
A1a 
Address line #10 


EA 
External 
program 
enable 


ALE 
Address 
latch enable 
Vcc 
Power 
v~~ 
Ground 


CRO 
Vcc 


COY 
ADO 


OWR 
A01 


OOY 
AD2 


RTS 
AD3 


LSE 
AD4 


SCT 
ADS 


mG 
AD6 


RST 
AD? 


PGB 
EA +5 V 


POR 
ALE 


SOl 
NC 


SSY 
SMO av 


LED 
EEP 


BPR 
EPC 


WR 
ECE/ 
PT1 


Ri5 
EIO / PTO 


XTAL 1 
A1a 


XTAL 2 
A9 


Vs. 
A8 


Pin Mnemonics 


ADO-AD? 
Address/Data 
bus 
PGB 
Tranceiver 
drive enab~ 


OWR 
Dala write handshake 
POR 
Trancelver 
direction 
control 
OOY 
Ready for dala handshake 
RST 
IC reset 
CRO 
Command 
read handshake 
EEP 
EEPROM select 
COY 
Command 
ready 
handshake 
EPC 
EEPROM clock 
PTO- PT1 
Parny 
ECE 
EEPROM chip enable 


LSE 
Laser scan enable 
EIO 
EEPROM I/O 
SCT 
SCanner type 
mG 
Laser trigger line 
SOl 
SCanner dlgnal input 
SSY 
SCanner synchronization 
LED 
lED control 
line 
A8 
Address line #8 
BPR 
Beeper control line 
A9 
Address line #9 
WR 
Data memory 
write 
A1a 
Address line #10 
Ri5 
Data memory 
read 
EA 
External program 
enable 
XTAL1 
Crystal input 
ALE 
Address latch enable 
XTAL2 
Crystal input 
RTS 
Request 
to send 
SMO 
serial Mode select 
Vcc 
Power 


V•• 
Ground 
• 


.. 
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R 0 0 
C 
C 
V 
A 
A 
A 
A 
Pin Mnemonics 
T 
D 
W 
D 
R 
N 
D 
D 
D 
D 
S 
Y 
R 
Y 
D 
C 
0 
1 
2 
3 
ADO-AD7 
Address/Data 
bus 


DWR 
Data write handshake 


43 
42 
41 
40 
DDY 
Ready for dala handshal<e 


CRD 
Command 
read handshal<e 


LSE 
AD4 
CDY 
Command 
ready handshal<e 


ADS 
PTO- PT1 
Parity 


SCT 
LSE 
laser scan enable 


TRG 
AD6 
SCT 
SCanner type 


AD7 
SDI 
SCanner dignal input 


RST 
LED 
LED control line 


PGB 
Eft: 
+5V 
BPR 
Beeper control line 


NC 
NC 
WR 
Data memory 
write 


ALE 
AD 
Data memory 
read 


PRD 
XTAL1 
Crystal input 
SDI 
NC 
XTAl2 
Crystal input 


SSY 
31 
SMD 
+OV 
SMD 
Serial Mode Select 


PGB 
Tranceiver 
drive enable 


LED 
EEP 
PDR 
Trancelver 
direction 
control 


BPR 
EPC 
RST 
ICreset 


EEP 
EEPROM select 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
EPC 
EEPROM clocK 
ECE 
EEPROM chip enable 


EIO 
EEPROM I/O 
W R 
X 
X 
V 
N 
A 
A 
A 
P 
P 
TRG 
Laser trigger 
line 


R 
D 
T 
T 
C 
8 
9 
1 
T 
T 
SSY 
SCanner 
synchronization 
A 
A 
0 
0 
1 
AS 
Address line #8 
L 
L 
I 
I 


E 
E 
A9 
Address line #9 


I 
C 
A10 
Address line #10 
0 
E 
Eft: 
External program 


enable 
ALE 
Address 
latch enable 


RTS 
Request 
to send 


Vcc 
Power 


Figure 
6. HBCR·2211 
Parallel 
Pinout 
v" 
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CONTROL 


CONTROL 
8 


ADDRESS 
PARALLEL 
PORT 


646 
(OPT) 


HBCR-2210 
OR 
SERIES 
(2)-74HC574 
ADDRESSI 
2K x 8 
DATA 
ADDRESS 
RAM 
DATA 


LATCH 


Warranty 
and Service 
The HP Decode IC is warranted 
for a period of one year after 
purchase 
covering defects in 


material 
and workmanship. 
Hewlett-Packard 
will repair or, 
at its option, replace products 
that prove to be defective in 
material 
or workmanship 
under 
proper use during the warranty 
period. 


NO OTHER WARRANTIES 
ARE EXPRESSED 
OR 
IMPLIED, 
INCLUDING 
BUT 
NOT LIMITED TO THE 
IMPLIED 
WARRANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FOR A PARTICULAR 
PURPOSE. 
HEWLETT- 
PACKARD IS NOT LIABLE 
FOR CONSEQUENTIAL 
DAMAGES. 


SERIAL 
PORT 
(OPT) 


For additional warranty 
or 


service information 
please 


contact your local Hewlett- 
Packard sales representative 
or 


authorized 
distributor. 
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Applications 


Because technology 
is growing and changing 
so rapidly, HP's 
commitment 
to customers 
includes an extensive applications 
department. 
In an effort to anticipate 
design needs and answer 
design questions, 
this team of engineers has published 
a complete 
library of applications 
literature. 


All of the Application 
Notes, Bulletins 
and Technical Briefs listed 
here, are available from your local HP Sales OffICe or nearest HP 
Components 
Authorized 
Distributor 
or Representative. 
In the U.S. 


call 1·800-537-7715 
and in Canada call 1·800-387-3867. 


Motion Sensing & 
Control Products 


AN 1011 
Design 
and Operational 
Considerations 
for the 
HEDS·5000 
Incremental 
Shaft 
Encoder 


This application 
note is directed 
toward the system designer 
using the HEDS-5000 and 
HEDS-GOOOmodular 
incremental 
shaft encoders. 


First the note briefly analyzes 
the theory of design and 
operation of the HEDS-5000 
and HEDS-GOOO.A practical 
approach to design considera- 
tions and an error analysis 
provide an in depth treatment 
of the relationship 
between 
motor mechanical 
parameters 
and encoding error accumula- 
tion. Several design examples 
demonstrate 
the analysis 
techniques 
presented. 
Operation 
considerations 
for assembly, 
test, trouble shooting and repair 
are presented. 
Finally, some 
circuits and software concepts 
are introduced which will be 
useful in interfacing 
the shaft 
encoder to a digital or micro- 
processor based system. 


Appendix A summarizes 
the 
uses and advantages 
of various 
encoder technologies while 
Appendix B provides guidance 
for selecting DC motors suitable 
for use with the HEDS-5000 
and HEDS-GOOO. 


AN 1025 
Applications 
and Circuit 
Design 
for the HEDS·7500 
Series 
Digital 
Potentiometer 
This application note demon- 
strates some of the uses for the 
Hewlett-Packard 
HEDS-7500 
series digital potentiometer, 
explains how a digital poten- 
tiometer works, and explains 
some of the advantages 
ofa 
digital potentiometer 
over a 
standard 
resistive potentiome- 
ter. In addition, this application 
note provides some examples of 
circuitry which will interface 
the digital potentiometer 
to a 
microprocessor, and provides 
mechanical design 
considerations 
and available 
options for the HEDS-7500 
series digital potentiometer. 


AN 1032 
Design 
of the HCTL·lOOO's 
Digital 
Filter 
Parameters 
by 
the Combination 
Method 
Digital closed loop motion 
control systems employing a 
dedicated IC as a controller are 
becoming increasingly popular 
as a solution to the need for 
controlled velocity and position- 
ing systems. Hewlett-Packard's 
HCTL-lOOOis a general purpose 
motion control Ie which has 
been designed for this type of 
closed loop systems. A digital 
compensator has been designed 
into the HCTL-IOOOto provide a 
stable response to an input 
command. This application 
note 
explains how the combination 
method can be used for 
calculation of the HCTL-IOOO's 
digital compensation 
filter 
parameters 
to provide a stable, 
closed loop position control 
system. 


Light Bars & Bar Graph 
Arrays 


AN 1007 
Bar Graph Array 
Applications 
This application note begins 
with a description of the 
manufacturing 
process used to 
construct the 10 element array. 
Next is a discussion of the 
package design and basic 
electrical configuration and how 
they affect designing with the 
bar graph array. Mechanical 
information including pin 
spacing and wave soldering 
recommendations 
are made. 


Display interface techniques of 
two basic types are thoroughly 
discussed. The first of these two 
drive schemes is applicable in 
systems requiring display of 
analog signals in a bar graph 
fonnat. The second major drive 
technique interfaces bar graph 
arrays in systems where the 
data is of a digital nature. 
Examples of microprocessor 
controlled bar graph arrays are 
presented. 


Summarized for the design 
engineer are tables of available 
integrated 
circuits for use with 
bar graph arrays. Finally, a list 
of recommended filters is 
included. 


AN 1012 
Methods ofI.egend 
Fabrication 
Hewlett-Packard 
LED Light 
Bar Modules inscribed with 
fixed messages or symbols can 
be used as economical annuncia- 
tors. Annunciators 
are often 
used in front panels to convey 
the status of a system, to 
indicate a selected mode of 


operation, or to indicate the 
next step in a sequence. This 
application note discusses 
alternative 
ways the message or 
symbols (legends) can be 
designed. A selection matrix is 
provided to assist in the selec- 
tion of the most appropriate 
method oflegend fabrication. 
Each fabrication method is 
explained in detail along with 
mounting and attachment 
techniques. Finally, prevention 
of cross-talk is discussed for 
legend areas of a multi- 
segmented light bar. 


Solid State Lamps 


AB74 
Option 002 Tape and Reel 
LED Lamps 
Hewlett-Packard 
Option 002 
tape and reel LED lamps have 
straight leads on standard 2.54 
mm (0.100 inch) center spacing. 
These lamps may be auto- 
inserted into printed circuit 
boards with most radial auto- 
insertion equipment. However, 
it is important to have the 
proper plated through hole size 
and spacing, in the printed 
circuit to assure high insertion 
yields. 


This application bulletin details 
the specific information on the 
printed board plated through 
hole size, spacing, and 
tolerances necessary to assure 
high insertion yields of Option 
002 LED lamps with 0.46 mm 
(0.018 inch) square leads. 


AN 1005 
Operational 
Considerations 
for LED Lamps and Display 


Devices 
In the design of a display 
system which incorporates 
LED 
lamps and display devices, the 
objective is to achieve an 
optimum between light output, 
power dissipation, reliability, 
and operating life. The perfonn- 
ance characteristics 
and 
capabilities of each LED device 
must be known and understood 
so that an optimum design can 
be achieved. The primary source 
for this infonnation 
is the LED 
device data sheet. The data 
sheet typically contains 
Electrical/Optical 
Characteris- 
tics that list the perfonnance 
of 
the device and Absolute 
Maximum Ratings in conjunc- 
tion with characteristic 
curves 
and other data which describe 
the capabilities of the device. A 
thorough understanding 
of this 
information and its intended 
use provides the basis for 
achieving an optimum design. 
This application note presents 
an in-depth discussion of the 
theory and use of the electrical 
and optical infonnation 
contained within a data sheet. 
Two designs using this infonna- 
tion in the form of numerical 
examples are presented, 
one for 
dc operation and one for pulsed 
(strobed) operation. 


AN 1017 
LED Solid State Reliability 
Light emitting diode display 
technology offers many 
attractive 
features including 
multiple display colors, sunlight 
readability, 
and a continuously 
variable intensity adjustment. 
One of the most common 
reasons that LED displays are 
designed into an application, 
however, is the high level of • 


reliability 
of the LED display. 
Hewlett-Packard 
has taken 
a 
leadership 
role in setting 
reliability 
standards 
for LED 
displays 
and documenting 
reliability 
performance. 


This note explains 
how to use 


the reliability 
data sheets 
published 
for HP LED indicators 
and displays. 
It describes 
the 
LED indicator 
and display 
packages, 
defines device 
failures, 
and discusses 
parame- 
ters affecting useful life, failure 
rates, 
and mechanical 
test 
performance. 


AN 1021 
Utilizing 
LED Lamps 
Packaged 
on Tape and Reel 
Hewlett-Packard 
offers many of 


its LED lamps packaged 
on tape 
and reel for radial insertion 
by 
automatic 
equipment 
during 
high volume production 
of PC 
board assemblies. 


This application 
note is a guide 
to the use of tape and reel LED 
lamps in the automatic 
insertion 
process. Discussed 
are 


the LED lamp tape and reel 
configuration, 
the radial 
lead 


insertion 
process, PC board 
design considerations, 
a method 
to maintain 
LED lamp align- 
ment during 
soldering, 
and 


lamp stand-off height 
information. 


AN 1027 
Soldering 
LED Components 


The modern printed 
circuit 
board is assembled 
with a wide 


variety 
of semiconductor 
components. 
These components 
may include LED lamps and 


displays 
in combination 
with 
other components. 
The quantity 
of solder connections 
will be 
many times the component 
count. Therefore, 
the solder 
connections 
must be good on the 
first pass through 
the soldering 
process. The effectiveness 
of the 
soldering 
process is a function 
of 
the care and attention 
paid to 
the details 
of the process. It is 


important 
for display system 
designers 
and PC board assem- 
bly engineers 
to understand 
the 
aspects 
of the soldering process 
and how they relate to LED 
components 
to assure high 
yields. 


This application 
note provides 
an in-depth 
discussion 
on the 
aspects 
of the soldering 
process 
and how they relate to LED 
lamps and display components, 
with the objective of being to 
serve as a guide towards 
achieving high yields for solder 
connections. 


AN 1060 
Surface Mounting 
SMT LED 
Indicator 
Components 
Circuit board assemblies 
using 
surface mount technology 
(SMT) 
are now common and SMT LED 
indicators 
are being used on 
many of these SMT board 
assemblies. 
This application 
note gives the Standard 
EIA 
tape and reel packaging 
infor- 
mation for SMT LED indicators. 
Recommended 
pc board pad 


layout designs are given for 
each type of SMT LED compo- 
nent. Automatic 
placement 
considerations, 
solder paste, 
and Type 2 pc board processing 
issues are discussed. 
Recommended 
temperature 
profiles are presented 
for both 


convective IR reflow and vapor 
phase (VPS) reflow soldering 
processes. 
A brief discussion 
of 


conductive 
attachment 
is 


included. 
An industry 
standard 
rework technique 
is described 
in 


detail. 


AN 1061 
Light Output Degradation 
of 


Emerald 
Green Solid State 
Lamps 
Emerald 
Green material 
has 


demonstrated 
a different 
light 
output 
degradation 
pattern 
vs 


other II V materials. 
Differences 


include larger 
standard 
devia- 


tion within 
a sample and sug- 


gestions 
of varied 
performance 


from lot-to-Iot. This application 
note reports 
the observed differ- 


ences between 
Standard 
Green 


LEDs and Emerald 
Green LEDs 


on light output 
degradation 
vs. 


time. Design Engineers 
could 
utilize tis information 
in their 
applications. 


Solid State Displays 


AN 1006 
Seven Segment LED Display 
Applications 
This application 
note begins 


with a detailed 
explanation 
of 


the two basic product 
lines that 


Hewlett-Packard 
offers in the 


seven segment 
display market. 


This discussion 
includes 


mechanical 
construction 


techniques, 
character 
heights, 


and typical areas of application. 
The two major display drive 
techniques, 
dc and strobed, 
are 


covered. The resultant 
tradeoffs 


of cost, power, and ease of use 
are discussed. 
This is followed 
by several typical instrument 


applications 
including counters, 


digital voltmeters, 
and micro- 


processor interface applications. 
Several different microprocessor 
based drive techniques 
are 


presented 
incorporating 
both 


the monolithic and the large 
seven segment LED displays. 


The application note contains a 
discussion of intensity 
and color 


considerations 
made necessary 


if the devices are to be end 
stacked. Hewlett-Packard 
has 


made several advances in the 
area of sunlight viewability of 
LED displays. The basic theory 
is discussed and recommenda- 
tions made for achieving 
viewability in direct sunlight. 
Information 
concerning display 


mounting, soldering, and 
cleaning is presented. 
Finally, 
an extensive set of tables has 
been compiled to aid the 
designer in choosing the correct 
hardware 
to match a particular 


application. These tables 
include seven segment decoder/ 
drivers, digit drivers, LSI chips 
designed for use with LEDs, 
printed circuit board edge 
connectors, and filtering 
materials. 


AN 1015 
Contrast 
Enhancement 


Techniques 
for LED 


Displays 
Contrast 
enhancement 
is 


essential 
to assure readability 
of 


LED displays in a variety of 
indoor and outdoor ambients. 
Plastic filters are typically used 
for contrast enhancement 
with 


indoor lighting and glass 
circular polarized filters are 
typically used to achieve 
readability 
in sunlight 


ambients. 


This application note discusses 
contrast enhancement 
technol- 
ogy for both indoor and outdoor 
ambients, the theory of 
Discrimination 
Index and 
provides a list of tested contrast 
enhancement 
filters and filter 
manufacturers. 


AN 1016 
Using the HDSP·2000 
Alphanumeric 
Display 
Family 
The HDSP-2000 family of 
alphanumeric 
display products 
provides the designer with a 
variety of easy-to-use display 
modules with on board 
integrated 
circuit drivers. The 
HDSP-2000 family has been 
expanded to provide three 
display sizes with character 
heights ranging from 3.8 mm 
(0.15 in.) to 6.9 mm (0.27 in.), 
four display colors, and both 
commercial and military 
versions. These displays can be 
arranged 
to create both single 
line and multiple line 
alphanumeric 
panels. 


This note is intended to serve as 
a design and application guide 
for users of the HDSP-2000 
family of alphanumeric 
display 
devices. It covers the theory 
of 
the device design and operation, 
considerations 
for specific 
circuit designs, thermal 
management, 
power derating 
and heat sinking, and intensity 
modulation techniques. 


AN 1026 
Designing 
with Hewlett· 
Packard's 
Smart Display - 
the HPDL-2416 
The trend in LED Alpha- 


numeric displays is to simplify a 
designer's job as much as 
possible by incorporating 
on 
board character 
storage, ASClI 
character 
generation, 
and 


multiplexing 
within the display. 


The HPDL-2416 is a four 
character 
alphanumeric 
display 


which incorporates 
a 64 


character 
ASClI decoder and an 
on board CMOS IC to perform 
these functions. This application 
note is intended to serve as a 
design and application 
guide for 


users of the HPDL-2416. The 
. 


information 
presented 
will cover 
electrical description, 
electrical 
design considerations, 
interfac- 
ing to micro-processors, 
pre- 


programmed 
message systems, 


mechanical 
and electrical 


handling, 
and contrast 


enhancement. 


AN 1029 
Luminous 
Contrast 
and 


Sunlight 
Readability 
of the 
HDSP·238X Series LED 
Alphanumeric 
Displays for 
Military Applications 
Military specifications for 
avionics and other kinds of elec- 
tronics that require readability 
in sunlight use specific defini- 
tions for luminous contrast. The 
concept of chrominance 
contrast 


and the theory of Discrimi- 
nation Index (see Hewlett- 
Packard Application Note 1015) 
are not used by the military as a 
means of determining 
readabil- 
ity in sunlight. Thus, the 
military requirements 
for 


readability 
in sunlight are 


based solely on luminous 
contrast measurements. 
This 
application 
note discusses the 
luminous contrasts 
used by 


military specifications, describes 
anti-reflection/circular 
polarized • 


filters designed for use with the 
HDSP-238X series sunlight 
viewable LED displays, and 
presents luminous contrast data 
for various HDSP-238X display/ 
filter combinations. 


AN1030 
LED Displays and Indicators 
and Night Vision Imaging 
System Lighting 
This application note introduces 
the concept of night vision 
imaging. It discusses GEN II 
and GEN III ANVIS and Cat's 
Eyes night vision goggles. NVG 
compatibility problems and 
compatible lighting objectives 
for aircraft cockpits are dis- 
cussed. It illustrates 
the use of 
NVG filters with high perform- 
ance green and yellow LEDs to 
obtain NVG compatibility. 
Various aspects ofMIL-L- 
85762A, as they apply to LEDs, 
are discussed. Calculated NVIS 
Radiance values are presented 
for high performance green and 
yellow LED/NVGIDV filter 
combinations. A discussion of 
the U.S. Army's NVG Secure 
Lighting Program and the 
objectives of the CECOM SOW 
are included. Information 
on 
dimming LED displays is 
presented. 
Daylight readability 
with NVGIDV filters is also 
discussed. 


AN 1031 
Front Panel Design 
In many applications designers 
are faced with the problem of 
how to match the perceived 
brightness 
of'an assortment 
of 
seven segment displays, light 
bars, linear arrays, and lamps 
on the same front panel. To 


simplify this problem Hewlett- 
Packard has introduced S02 
option selected parts. S02 option 
selected parts provide a 
restricted 
range of luminous' 


intensity for a given part 
number. This application note is 
written as a design guide to 
matching the perceived bright- 
ness of LED displays and lamps 
on a front panel. The procedure 
shown in the application note 
will enable the designer to cal- 
culate the needed display drive 
currents (either dc or pulsed) for 
a given ambient light level and 
specified filter. Two technques 
are explained. The first is how 
to calculate the drive currents 
to insure minimum acceptable 
brightness. 
The second is how to 
calculate the drive currents to 
match the display on the front 
panel to a known display. 


AN 1033 
Designing with the HDSP· 
211X Smart Display Family 
Hewlett-Packard's 
smart 
alphanumeric 
display, the 
HDSP-21lX, is built to simplify 
the user's display design. Each 
HDSP-21lX has an onboard 
CMOS IC which displays eight 
characters. 
All ofthe IC 
features are software driven. 
These features include 128 
character ASCII decoder, 16 
user-defined symbols, seven 
brightness 
levels, flashing 
characters, 
a self test, and all of 
the circuitry needed to decode, 
drive, and refresh eight 5 x 7 
dot matrix characters. 


This application note discusses 
how to interface the HDSP- 
21lX display to either a 
Motorola 6808 or an Intel 8085 
microprocessor. A 32 character 


display interface is explained 
for each microprocessor. The 
note includes a detailed 
description of the hardware 
and 
software. The software 
illustrates 
how the user-defined 
symbols and a string of ASCII 
characters 
are loaded into the 
display. 


AN 1039 
Dimming HDSP-213X 
Displays to Meet Night 
Vision Lighting 
Levels 
Abstract 
For normal operation, the seven 
programmable 
dimming levels 


available with the HDSP-213X 
military grade displays are 
sufficient. However, the 
displays must be dimmed well 
below the lowest available on- 
board programmable 
dimming 
level to meet the requirements 
for night vision imaging system 
(NVIS) lighting. This applica- 
tion note describes a circuit that 
will dim HDSP-213X displays to 
luminance levels sufficient to 
meet NVIS lighting 
requirements. 


Fiber Optics 


Application 
Bulletin 
65 
Using 50/125~ 
Optical 
Fiber with Hewlett-Packard 
Components 
This AB discusses the 50/125 
~m cable as it relates to light 
losses due to attenuation, 
mechanical and optical limits; 
the tests used to determine 
these losses; how optical power 
is calculated; and how full 
system performance 
can be 
predicted using this data. This 
AB is applicable to any fiber- 


Application 
Bulletin 
73 


Low-Cost Fiber Optic 
Transmitter 
and Receiver 
Interface 
Circuits 


This AB assists in designing 
circuits to interface HP HFBR- 
0400 low-cost miniature 
fiber- 
optic components with TTL 1/0 
for applications 
at data rates up 


to 35 MBd. The TIL transistor/ 
receiver circuits shown were 
designed, built, and tested; and 
are suitable for a wide range of 
applications. 
The HFBR-0400 


fiber-optic components are 
compatible with either SMA or 
ST style connectors. The 
concepts illustrated 
here are 


applicable to both types of 
connectors. 


Application 
Bulletin 
78 


Low-Cost Fiber Optic Links 
for Digital Applications 
up 


to l50MBd 
This AB concentrates 
on a 


specific digital application, 
one 


of the most prevalent 
for the 
HFBR-24X6, the transmission 
of encoded digital signals, 
otherwise known as run-length 
limited data. Circuit diagrams 
illustrate 
the various concepts. 
The AB is divided into the 
following topics: 
- The HFBR-2406/-2416 high 
performance 
components 


- Applications for 820 nm LED- 
based fiber-optic links 


- Advantages 
of run-limited 
code 


- Designing with fiber-optic 
components 


- Testing fiber-optic systems 
- Testing fiber-optic systems 
- TTL transmitter 
performance 


- ECL transmitter 
performance 


- Receiver design 
- Error rate versus signal-to- 
noise ratio 
- Advantages 
of hysteresis 


- Low-pass filtering to enhance 
receiver sensitivity 
- Compromises associated with 
high-speed 820 nm links 
- High-frequency 
circuit 
design 


- EMI issues 
- Applications support 


AN 1035 
Versatile 
Link 
This AN describes how fiber 
optics can be used to solve many 
different types of application 
problems, introduces HP's 
Versatile Link plastic fiber 
optics, and shows how to design 
a fiber-optic link using the 
Versatile Link. The AN, which 
is applicable to the HFBR-0500 
series, is divided into the 
following topics: 
- Introduction 
- Example Applications 
- Versatile Link Description 
- System Specifications and 
Link Design 
- Pulse-Width 
Distortion 
- Additional Circuit 
Recommendations 
-Appendix 


AN 1037 
Surface Mount Flatpack 
(HBIC-XXXX)Mounting 
This application note describes 
appropriate 
techniques for RF 
grounding, PWB pad layout, 
and solder attachment 
of the 
HBIC-XXXX series of surface 
mount flatpacks used for RF 
and High Speed Digital hybrid 
and MMIC circuits. 


AN 1038 
Low-Cost Components 
for 
IEEE 802.3 Fiber Optic 
Inter-Repeater 
Links 


This AN is applicable to the 
HFBR-04oo family of fiber-optic 
products. It explains some 
system specifications and 
specifies values for the Fiber- 
Optic Inter-Repeater 
Links 
(FOIRL) described in the IEEE 
802.3 standard. 
Among the 
topics discussed are: 
- FOIRL System specifications, 


which list the key parameters 
required by the IEEE 
standard 
- Overall circuit design 
- Designs specific to the 


transmitter 
and receiver 
circuits 
- Run-length-limited 
link 


performance, 
containing 


tables of specifications, and 
burst-mode 
applications. 


AN 1045 
High-Speed 
Plastic, Fiber- 
Optic Link 
This AN discusses the speed 
limitations 
of plastic optical 


fiber and Hewlett-Packard's 
new transmitter 
and receiver 
components that can transmit 
data through these fibers at up 
to 50 MBd. The paper is divided 
into three sections. The first one 
deals with understanding 
and 
using the data sheets; the 
second one discusses coupled 
power and the optical power 
budget; the third section 
explains circuit operation and 
the considerations 
involved in 
its design. The topics in this last 
section include: 
- Transmitter 
configuration 
- Receiver circuit operation 
- The power supply filter 
- Layout ofthe printed circuit • 


AN 1057 
Conductive 
Port Receiver 
This AN compares the 
performance of fiber-optic 
receivers with conductive ports 
to fiber-optic receivers with non- 
conductive ports. It explains 
how conductive port receivers 
solve specific problems encoun- 
tered in some applications and 
how they help to improve the 
electromagnetic 
immunity of 
part number HFBR-24X6 XC, 
required by such standards 
as 
MIL 461 and IEC 801.3. The 
application note also presents 
test data that shows why HP's 
low-resistance conductive port 
has an advantage over the 
higher-resistance 
conductive 
ports of other manufacturers. 


ANSOll 
Using Silicon 
MMIC Gain 
Blocks 
as Transimpedance 
Amplifiers 
Key specifications and 
performance evlauation. 


ANS015 
ITA Series 
Transimpedance 
Amplifiers 
Transimpedance 
(TZ) amplifiers 
are a critical element in digital 
fiber optic receivers. Their role 
is to take the current output 
from a photo diode, and convert 
it to a voltage. This application 
note gives an overview of 
Hewlett-Packard's 
ITA series of 
transimpedance 
amplifiers for 
high speed application s(lOO 
Mbls to 1.5 Gb/s). Tips on how to 
get optimum RF performance 
with the amplifiers are given. 
Recommended PC board layouts 
are given for ITAs in chip and 
package form. 


AN 1055 
Clock Recovery 
Using Si 
MMICs 
One of the functions that must 
be performed by a fiver optic 
receiver is the retiming of the 
output data stream. This clock 
recovery function can be done 
using an active mixer (the IAM- 
81 or IAM-82 series) as a 
transition 
detector, a SAW 
filter, and a limiting amplifier 
(MSA, INA or IVA series). This 
application note discusses how 
these parts can be combined to 
construct a clock recovery 
circuit. 


AN 1051 
The IDA-07318 Laser 
Diode 
Driver 
The IDA-07318 is a high speed 
silicon Monolithic Microwave 
Integrated 
Circuit (MMIC) laser 
diode driver (LDD) capable of 
operating at data rates up to 1.5 
Gb/s. This application note 
discusses how to properly drive 
the IDA-07318 and how to use 
the modulation and prebias 
inputs on the laser driver. A 
brief overview ofthe theory of 
operation of the laser driver is 
covered. 


Technical 
Brief 
101 
Fiber 
Optic SMA Connector 
Technology 
This TB discusses tradeoffs 
between various SMA connector 
techniques. It cross-references 
manufacturers 
of SMA 
connectors with SMA connector 
types; and is applicable to the 
HFBR-2414 fiber-optic receiver. 


Technical 
Brief 
102 
Fiber/Cable 
Selection 
for 
LED-Based 
Local 
Communications 
Systems 
This TB, which is applicable to 
the HFBR-1402/1404 flber-optic 
transmitters, 
is intended to 
assist the first-time user offlber 
optics with the selection of a 
flber cable that best meets 
desired system requirements. 
Issues discussed in this brief 
include: 
- Trade-offs between various 
fiber types 
- The effect of LED emitters on 
fiber performance 
- Coupled power versus 
numerical aperture 
- Factors that influence cable 
selection 


Also included is a cross- 
references of manufacturers 
of 
fiber cable with cable type. 


Technical 
Brief 
104 
Baseband 
Video 
Transmission 
with Low-Cost 
Fiber-Optic 
Components 
The transmission 
of video 
signals over fiber-optic links 
offers several advantages 
compared to wire distribution 
systems. This TB describes 
simple TransistorlResistor 
circuits that provide 20 MHz, 3 
dB bandwidth for high- 
resolution analog video 
transmission. 
This TB is 
applicable to the HFBR-2414 
fiber-optic receiver. 


Technical 
Brief 
105 
ST Connector/Cable 
Guide 
Although developed fairly 
recently by AT & T, the rapid 
acceptance of the ST* connector 


by users of fiber-optic 
components indicates that it 
may soon become a standard. 
This TB provides a quick 
comparison between the SMA 
and the ST-style connector. 
Some suppliers of the ST- style 
connectored cables are 
tabulated. 
This TB is applicable 


to the HFBR-2416 flber-optic 
receiver. 


Optocouplers 


Application 
Bulletin 
69 


CMOS Circuit Design Using 
Hewlett-Packard 
Optocouplers 
This AB illustrates 
CMOS 


isolation interface circuits for 
use with the various, low input 
current, HCPL-2200/-2300/ 
-2731 and 6N139 optocouplers. 
Advantages 
of and recommen- 


dations for different input and 
output circuit configurations 
for 
low-power operation at various 
signalling rates are tabulated. 


AN 947 
Digital Data Transmission 
Using Optically 
Coupled 


Isolators 
Optocouplers make ideal line 
receivers for digital data trans- 
mission applications. 
They are 


especially useful for elimination 
of common-mode interference 
between two isolated data 
transmission 
systems. This AN 


describes design considerations 
and circuit techniques 
with 


special emphasis on selection of 
line drivers, transmission 
lines, 
and line receiver termination 
for optimum data rate and 
common-mode rejection. Both 
resistive and-active termina- 
tions are described for 


multiplexing 
applications, 
and 
for common-mode rejection and 
data rate enhancement. 
This 
AN is applicable to the 6N136 
and 6N137 or any other HP 
digital optocoupler. 


AN 951-1 
Applications 
for Low-Input- 
Current, 
High-Gain 
Optocouplers 
Optocouplers are useful in line 
receivers, logic isolation, 
medical equipment, 
power lines, 
and telephone lines. This AN 
discusses the use of the 6N13819 
series ofhigh-CTR optocouplers 
in each of these areas. 


AN 951-2 
Linear Applications 
of 
Optocouplers 
Although optocouplers are not 
inherently 
linear, the separate 
photodiodes used in HP devices 
provide better linearity 
as well 
as higher speed of response 
than phototransistor 
detectors. 


Using paired optocouplers to 
enhance linearity is described 
with specific circuit examples 
offering dc-to-25 KHz response. 
These examples illustrate 
the 
relative merits of differential 
and servo techniques. A circuit 
with linear ac response to 10 
MHz is also described for analog 
optocouplers having the 
photodiode terminals 
externally 


accessible. 


The AN also discusses digital 
techniques 
of voltage- to- 


frequency conversion and pulse- 
width modulation. Their 
linearity is quite independent 
of 
optocoupler linearity but 
requires use of high-speed 


optocouplers for low distortion. 
The AN is applicable to the 
HCPL-2530. 


AN 1002 
Consideration 
of cm 


Variations 
in Optocoupler 
Circuit Designs 
A persistent, 
and sometimes 


crucial concern of designers 
using optocouplers is that of the 
current transfer 
ratio, CTR, 


changing with time. The 
change, or CTR degradation, 
must be accounted for iflong, 
functional lifetime of a system is 
to be guaranteed. 
This AN 


discusses a number of different 
sources for this degradation. 
This AN is applicable to the 
4N45 and 4N46 optocouplers. 


AN 1004 
Threshold 
Sensing for 


Industrial 
Control Systems 
with the HCPL-3700 
Interface 
Optocoupler 


Interfacing 
from industrial 
control systems to logic systems 
is a necessary operation to 
monitor system progress. This 
interfacing 
is found in a variety 


of applications, 
including: 


- Process control systems 
- Programmable 
controllers 


- Microprocessor 
subsystems 


that monitor proximity and 
limit switches 
- Environmental 
sensors and ac 


line status 
- Switching power supplies for 


detection of ac power loss 


- Power back-up systems that 


need an early warning of 
power loss to save special 
microprocessor memory 
information 
or switch to 


battery 
operation, etc. • 


Applications of the HCPL-3700 
interface optocoupler are 
addressed in this note. The 
ability of the HCPL-3700 to 
detect thresholds 
and isolate 
systems, allows it to provide 
unique features that no other 
optocoupler can provide. 
Addressed in this note are the 
advantages 
of using this opto- 
coupler for isolating systems as 
well as the device characteris- 
tics, dc/ac operational 
performance with and without 
filtering, simple calculations for 
setting desired thresholds, and 
four typical application 
examples. 


Additional information focuses 
on protecting the optocoupler 
from power transients, 
consider- 
ations of thermal conditions, 
and electrical safety require- 
ments of the industrial 
control 
environment. 


AN 1018 
Designing 
with the HCPL- 
4100 and HCPL-42oo 
Current-Loop 
Optocoupler 
Digital current loops provide 
unique advantages 
oflarge 
noise immunity and long- 
distance communication at low 
cost. Applications are wide and 
varied for current loops, but one 
of the critical concerns for 
designers ofloop systems is to 
provide a predictable, reliable 
and isolated interface. The 
HCPL-4100 (transmitter) 
and 
HCPL-4200 (receiver) 
optocouplers provide easy 
interfacing to and from a 
current loop with minimal 
design effort. 


This AN completely describes 
the HCPL-4100/4200 opto- 


couplers and lists applications 
for digital, 20 rnA, simplex, half- 
duplex and full-duplex loops. 
These loops can be either point- 
to-point or multidrop configura- 
tions. Factors that affect data 
performance are discussed. 
Circuit arrangements 
with 
specific data performance are 
given in graphical and tabular 
form. 


AN 1023 
Radiation 
Immunity 
of 
Hewlett-Packard 
Optocouplers 
This AN opens with a quotation 
from MIL-HDBK-279, which 
describes optocouplers that 
contain photodiodes as being 
superior to optocouplers that 
contain phototransistors. 


The AN continues with a 
description of the properties of 
ionizing radiation (particles and 
photons) and how it affects the 
performance of optocouplers. 
Graphs show degradation of 
CTR (Current Transfer Ratio) in 
the 6N140 as a function of 
gamma total dose (up to 1000 
rad (Sm and as a function of 
total neutron fluence (up to 6 X 
1012 neutrons/cm2). 
A table 
gives radiation hardness 
requirements 
for various 
military applications. 


AN 1024 
Ring Detection 
with the 
HCPL-37oo Optocoupler 
With the increased use of 
modems, automatic phone 
answering equipment, private 
automatic branch exchange 
(PABX) systems, etc., low-cost, 
reliable, isolated ring detection 


becomes important 
to many 
electronic equipment manufac- 
turers. This AN defines the 
ringing requirements 
(U.S.A 
and Europe), and the applica- 
tions of the HCPL-3700 
optocoupler as a simple, but 
effective, ring detector. 


A design example is shown with 
calculations to illustrate 
proper 
use of the optocoupler. Features 
integrated 
into the HCPL-3700 
provide predictable detection, 
protection and isolation with 
greater ease than is possible 
with other optocouplers. 


AN 1036 
Small-Signal 
Solid-State 
Relays 
This AN introduces the solid- 
state relay (SSR), an alternative 
to the electromechanical 
relay; 
contrasts its mode of operation; 
describes the SSR's features and 
some of its applications. The AN 
is applicable to the HSSR-82001 
8400. 


AN 1043 
Common-Mode 
Noise: 
Sources and Solutions 
This AN is divided into three 
sections. The first section 
defines and describes common- 
mode noise (CMR). The second 
section lists some typical 
sources, which can be either 
coupled from an external device 
or can be inherent 
in the design. 


The third section explains the 
methods that can limit the 
amount of CMR. The last 
section explains the technology 
of an optocoupler that allows a 
low-cost solution to the problem. 
The AN is applicable to the 


HCPL-22111261114503 
optocouplers. 


AN 1046 
Low On-Resistance, 
Solid- 
State 
Relays 


The on-resistance 
specification 
of a solid-state relay (SSR) is 
important 
because, in general, a 


lower on-resistance 
allows a 
higher contact current rating 
and more closely resembles an 
ideal switch. This application 
note begins with a description of 
the main characteristics 
of the 
HSSR-8060 and HSSR-8400, 
two of Hewlett-Packard's 
low 


on-resistance 
SSRs. A control 
drive circuit is recommended 
and suggestions for overvoltage 
protection are discussed. Also, 
this application 
note includes 


examples of the SSRs in 
telecommunications, 
multiplexing, 
and industrial 


control applications; 
and with 


various types ofloads. 


AN 1047 
Low On-Resistance 
Solid- 
State 
Relays 
for High- 


Reliability 
Applications 
This AN shows the main 
characteristic 
ofthe HSSR-7110 


Power MOSFET optocoupler 
and how this component 
operates as a low on-resistance 
solid-state relay. Several control 
drive circuits are described. 


AN 1058 
Power 
Transistor 
GatelBase 
Drive 
Optocouplers 
Hewlett-Packard 
offers an 
expanded choice of optocouplers 
that can directly drive power 
MOSFETS, IGBTs, and bipolar 
power transistors. 
This 
application note describes the 
main features of the HCPL- 
3000, HCPL-3100 and HCPL- 
3101 power driver optocouplers. 
Also included are application 
guidelines for three-phase 
power inverters. 


AN 1059 
High-CMR 
Isolation 
Amplifier 
for Current- 
Sensing 
Applications 
In 1992, Hewlett-Packard 
introduced the world's smallest 
isolation amplifier, the HCPL- 
7800. This paper describes the 
theory of operation for the 
HCPL-78oo as well as a typical 
application circuit for motor 
current sensing. 


Technical 
Brief 
103 
High-Speed 
Optocouplers 
vs. 
Pulse 
Transformers 
Pulse transformers 
are often 
used for high-speed signaling 
with ground loop isolation. This 
TB summarizes 
the difficulties 
encountered 
in using pulse 
transformers, 
such as rise-time, 


sag, and interwinding 
capaci- 
tance. A table summarizes 
the 
parameters 
of Hewlett-Packard 
optocouplers designed for high- 
speed signaling. A second table 
summarizes 
the advantages 
of 
using these optocouplers instead 
of pulse transformers. 
This TB 
is applicable to the following 


products: HCPL-2200/23001 
2400/2430/260112630/2631 
optocouplers. 


Bar Code Components 


Application 
Bulletin 
75 
ESD Control 
in Portable 
Bar 
Code Readers 
This AB, which is applicable to 
the HBCS-AXXX and HBCS- 
6XXX series wands, provides 
information 
to help the designer 
of portable barcode decoders to 
harden their system to 
electrostatic 
discharge 
(ESD). 


Application 
Bulletin 
77 
Interfacing 
the HP 
SmartWand 
This AB, which is applicable to 
the HBCR-8XXX series, 
provides circuits to allow the 
user to interface the HP 
SmartWand 
to true RS232 
connections. 


AN 1008 
Optical 
Sensing 
with 
the 
HBCS-ll00 
This AN gives the basic optical 
flux coupling design for discrete 
emitters 
and detectors. It 


presents the concepts of 
modulation 
transfer 
function, 


depth offield, and reflective 
sensor design. It also discusses 
the optical and electrical 
operation ofthe HBCS-llOO 
High-Resolution 
optical sensor. 


Finally, it presents 
electrical 
design techniques 
that allow the 
HBCS-lloo 
to interface with 
popular logic families. • 


ANIOl3 
Elements 
of a Bar Code 
System 
This AN, which is applicable to 
all HP digital wands, describes 
in detail the elements that 
make up most bar code systems. 
Included is a discussion of the 
fundamental 
system design, 
detailed discussion of seven 
popular code symbologies, a 
section on symbol generation, 
and methods of data entry. A 
glossary of terms and a 
reference section are also 
included. This is an excellent 
publication for people who are 
just learning about bar code or 
for those who need a more 
comprehensive 
understanding 
of the subject. 


AN I 040 
Ambient Light Rejection 
Circuit 
for the HED5-1500 
Bright ambient light causes the 
resolution of the HEDS-1500 
sensor to degrade when the 
sensor is dc driven. This AN 
presents a circuit schematic 
that allows full resolution in 
bright ambient light. Included 
are graphs showing limits of 
current and voltage, and 
frequency responses under 
specific conditions. 
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Ordering Information, 
Mter Sales Service 


How to Order 
To order any component 
in this 
catalog or additional 
applica- 
tions information, 
call the HP 
office nearest 
you and ask for a 
Components 
representative. 
A 
complete listing ofthe 
U.S. 


sales offices is on page 9-10; 
offices located outside of the 
U.S. are listed on page 9-11. 


A worldwide listing of HP 
authorized 
distributors 
is on 
page 9-3. These distributors 
can 
offer off-the-shelf 
delivery for 
most HP components. 


Warranty 
HP's Components 
are war- 
ranted 
against 
defects in 
material 
and workmanship 
for 
a period of one year from the 
date of shipment. 
If HP receives 
notice of such defects during the 
warranty 
period, HP will repair 
or, at its option, replace compo- 
nents that prove to be defective 
in material 
or workmanship 
under proper use during the 
warranty 
period. This warranty 
extends 
only to HP customers. 


NO OTHER WARRANTIES 
ARE EXPRESSED 
OR 
IMPLIED. 
HP SPECIFICALLY 
DISCLAIMS THE IMPLIED 
WARRANTIES 
OF 
MERCHANTABILITY 
AND 
FITNESS 
FORAPARTIC- 
ULAR PURPOSE. 


THE REMEDIES 
PROVIDED 
HEREIN 
ARE BUYER'S SOLE 
AND EXCLUSIVE 
REMEDIES. 


HP SHALL NOT BE LIABLE 
FOR ANY DIRECT, INDIRECT, 
SPECIAL, 
INCIDENTAL, 
OR 
CONSEQUENTIAL 
DAMAGES, WHETHER 
BASED ON CONTRACT, 
TORT, OR ANY OTHER 
LEGAL THEORY. 


The foregoing limitation 
of 
liability 
shall not apply in the 
event that any HP product 
sold 
hereunder 
is determined 
by a 
court of competent 
jurisdiction 
to be defective and to have 
directly caused bodily injury, 
death, or property 
damage; 


provided, 
that in no event shall 


HP's liability for property 
damage 
exceed the greater 
of 
$50,000 or the purchase 
price of 
the specific product 
that caused 
such damage. 


